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Economic conditions were more conducive to the development 

^ of the oil engine op the Continent of Europe than in the United 

'^ Kingdom. This was in part due to our advantage in having an 

.rVv abundance of cheap steam-raising coal. As a consequence the 

r*^ theory and pra^ctice of the internal combustion .engine more 

^ fully and readily engaged the attention of Continental engineers, 

and experience in this type of prime mover is more extensive 

on the Continent of Europe than in this country. The superior 

thejTiial efficiency of the oil engine has now, however, won many 

supporters here, and the fact that it is practically indispensable 

for certain purposes, notably for submarines, has resulted in a 

great increase in construction in the United Kingdom. The time 

has not come, however, for a record based solely on British 

experience. Indeed, most of the British firms building oil engines 

have, so far, based their practice on Continental systems. This 

is particularly the case with marine engines. 

j^"* No apology is thus needed for the translation into English 

of a text- book which is widely accepted on the Continent 
as a standard work, embracing comprehensively, yet without 
redundancy, existing knowledge of land and marine engines. 
(^ Ing. Supino, the author, an Italian engineer of high repute, who 

died ere yet he had had time to enjoy the reputation he had 
won, made a special study not only of the theory, but of the 
construction and running of oil engines, and such merits as 
this book possesses as a translation are due entirely to his 
^ engineering genius, erudition, and lucidity of exposition. The 

^ translators have sought only to interpret his ideas. 

The English Edition, it is hoped, will be accepted as much 
for its recognition of Ing. Supino's work, as for the stimulus 
and assistance it may bring to British workers. It is true that 
the Marine Diesel Engine has not, so far, realised in this 
country the extensive adoption predicted by optimists. Our 
success in steam machinery tended to stereotype practice in 
reciprocating machinery, which had proved thoroughly efficient 
with steam as the prime mover, and it has not always been 
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VI PREFACE. 

foreseen that the internal combustion engine introduced conditions 
requiring modification, if not, indeed, entirely new experience. A 
change is fast disclosing itself, and it is recognised that the oil 
engine may be made as reliable as, and at the same time more 
effficient than, the steam enginiJ. Its use for submarines has 
quickened the interest in its design and manufacture, and Ing. 
Supino's research in this direction as in merchant ship pro- 
pulsion, illustrated as it is with many sections, detailed drawings, 
and formulae, must be serviceable to the young engineer embarking 
upon practical work in oil engines, and perhaps, also, of some help 
to experts as a book of reference recording much of that which 
has already been done. To facilitate this latter service a com- 
prehensive index, list of illustrations, tables, etc., have been 
appended. 

A word may be said as to the nomenclature, regarding which 
there is wide divergence in practice. This is inevitable in the 
case of a new and somewhat complicated product. The translators 
have attempted consistently to adhere to names for engine parts 
which, in their experience, have proved most satisfactory. At 
the. same time, they recognise that time and experience may 
bring about modifications in some cases. 

In the original work calculations, dimensions, etc., are given 
according to the metric system. In this issue British units are 
added where these tend to a readier understanding of the text. 
Calculations, however, have not been converted, as these appeal 
to the more expert reader, who is doubtless conversant with the 
metric system. A conversion table has been appended. 

A section of the book which may be of special value for 
reference is that dealing with the Rules of Classification Societies 
for the Construction of Marine Oil Engines, and we wish to 
express our indebtedness to Lloyd's Registry of British and 
Foreign Shipping and to The British Corporation for the Classifi- 
cation and Survey of Shipping for their kind permission, enabling 
us to insert their latest rules for this type of marine engine. 

A. G. BREMNER. 
J. RICHARDSON. 

September, 1916. 
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In writing the part of this book which deals with land engines 1 
have availed myself of the material of my book, Motori Diesel 
(Hoepli, 1912), the first edition of which is now out of print. 

Whilst 4-cycle engines have already passed beyond the critical 
and experimental stages of their development, those of the 2-cycle 
type of large power, and marine engines in particular, are in such 
a state of transition that any discussion regarding them is apt 
to become almost out of date during production. - The chapters 
dealing with these two latter types treat the subject fully and 
are entirely new. 

For the arrangement of the subject matter, and the fuller 
explanation of certain points, I have endeavoured to benefit by 
the observations contained in the reviews of the foreign press, 
and expressed by such authorities as Colombo, Schroter, Diesel, 
Saldini, Deschamps, Stodola, Schottler and Witz, to whom I take 
this opportunity of tendering my deepest thanks for their kind 
and flattering criticisms. 

I owe also a debt of gratitude to my editors, Comm. Hoepli 
of Milan, and to Herr Oldenburg of Munich, who produced 
a German Edition of my first work, well and faithfully translated 
by my friend Ing. Hans Zeman. 

GIORGIO SUPINO. 



When the work of supervising the printing of this volume was just finished 
the author, at the early age of twenty-seven years, died suddenly, 4th April, 1913. 
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CHAPTER I. 

DIESEL ENGINES FOR STATIONARY PLANTS. 

Frequently the truth is stated that the various systems of prime movers 
instead of rivalling one another, can be apportioned naturally, regarding 
suitability of application to the general fields of industrial work. This, 
however, does not signify that the problem of selection is always one of the 
most elementary, for, whilst the local conditions often clearly indicate 
whether, as a general rule, preference should be given to hydrauUc, electric 
or heat engines, it is less easy to decide which system of heat engine lends 
itself best to the particular case under consideration. 

For the greatest powers, the steam turbine, it may be said, has no com- 
petitors, but from 2,000 B.H.P. downwards, steam engines, and the various 
systems of internal combiLstion engines present, each in turn, advantages 
which often render indeterminate the problem of selection. 

Uncertainties are often due to prejudice or to the personal opinions of 
the purchaser, but more often to the impossibility of determining fully the 
working expenses, especially those dealing with repairs, depreciation, etc. 

Great weight is usually given to information obtained from existing 
plants similar to those which it is desired to erect. Such information, although 
collected from those responsible for the running of any particular plant, 
is not always absolutely reliable, and in considering the merits of any given 
type, it may be that the number of such installations actually in service 
is not sufficient to permit the establishing of reliable mean values for the 
particulars required. 

In certain cases, even where the conditions are particularly suitable for 
internal combustion engines, there are those who place all their faith in the 
proverbial safety of the steam engine, and prefer it to the former, perhaps 
even in spite of greater first cost and running expenses. 

In considering internal combustion engines of all types as a whole, it may 
be stated that, up to the present time, they are regarded in some quarters 
as being unreliable, and that, whilst some little time ago this opinion may 
have been entirely justified, its retention at the present time is largely due to 
the fact that many engineers have not complete knowledge of this new type 

1 



2 LAND AND MARINE DIESEL ENGINES. 

of prime mover, and have been unable to follow its rapid progress and to 
appreciate the consequent specialisation. 

For small powers, where only intermittent work is required, petrol engines 
running at a high speed of revolution are often suitable on account of their 
low first cost, against which must be set the disadvantages of the high cost 
of fuel per B.H.P. per hour and their comparatively short life. 

For similar powers, engines of the same t3rpe running on paraffin are 
gaining Ijeadway on account of their many excellent qualities. The cost 
for fuel in this case is from 10 to 12 centesimi (Id. to l-25d.) per B.H.P. per 
hour, but their first cost is a little higher than that for high-speed petrol 
engines. Generally, these paraffin engines are preferred if fairly frequent 
and continuous work is demanded of them. 

From 4 or 5 B.H.P. to 12 or 15 B.H.P. heavy oil explosion engines are 
applicable where the work is fairly continuous and the load fairly steady. 
For these, the periods of working should be of sufficient duration to counteract 
the expense and time required to heat the hot bulb with a blow lamp prior 
to starting. 

With these engines the load should be fairly constant, since when running 
light or at small loads the ignition of the comparatively dense fuel would 
be incomplete, unless the blow lamp were kept alight. The combustion 
of the fuel does not develop sufficient heat to maintain the bulb at the re- 
quisite temperature. With every variation of the load the amount of the 
water drip into the cylinder scavenging air — a feature still retained by most 
makers of hot-bulb engines — must be readjusted. (Chapter V., et seq.) 

The fuel consumption of this type of engine is considerably less than 
with paraffin engines, but the conditions enumerated above have the effect 
of making the competition between these two types exceedingly keen. 

Above 15 to 20 B.H.P., the Diesel engine, together with the suction gas 
engine, enters the competitive field. For such low powers the latter is gener- 
ally unsuitable, although as a rule more economical in fuel, and lower in first 
cost as well as in running cost. The high powers attained with multi-cylinder 
Diesel engines cannot be reached by suction gas engines, except by a mul- 
tiplicity of units,* and a sacrifice of some of the advantages of economy. 
Local conditions, of course, may increase or negative the superiority from the 
economical point of view of either of these prime movers. 

For example, where the cost of land is high, and the question of 
space occupied relatively of great importance, the advantages of the Diesel 
engine are increased, as it requires only from one-half to two-thirds of the 
ground area necessary for the installation of a horizontal gas engine (see 
the table on p. 3). 

The 50 to 60 litres 122 ^to 27 galls.) of water per B.H.P. per hour required 
by a gas plant would present a difficulty in certain localities in which the ' 
supply of the 20 litres (9 galls.) per B.H.P. per hour required by the Diesel 
engine would be comparatively smiple. In comparing the amounts of circu- 
lating water required, it should be stated that, with the Diesel engine, all 

* At the present time, many Diesel engines of 1,000 to 2,000 B.H.P. are being built, 
whilst gas engines, as a rule, do not exceed 300 to 400 B.H.P. Large double-acting blast 
furnace gas engines, owing to the difficulty of constructing generators for the powers 
reached by these engines, cannot be considered in this comparison of self-contained 
plants. 
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4 LAND AND MABDIB DIESEL ENGINES. 

the water may be recovered except the losa from evaporation or leaks at the i 
joints (about 10 per cent.), whilst with the gas generator and scrubber about | 
16 litres (7 galls.) per B.H.P. per hour is completely lost, and it is thus clearly .' 
seen that a scarcity of water may be a decisive argument in favour of the 
Diesel engine. 

There is one class of plant for which the Diesel engine is absolutely suitable 
as a solution of all the difficulties connected therewith— i.e., those instal- 
lations in which intermittent rumung is required, and in which full load 
must be rapidly attained, such as in reserve seta for electric power stations, 
drinking water pumping stations, wireless stations, etc. Engines using 
lighting gas or petrol have, in common with Diesel engines, the important 
advantage of being able to be started immediately, but the lighting gas 
engine has the disadvantage of not being self-contained, and the petrol 
engine for high powers that of the high cost of fuel. 



Fig. 1. — Four- Cylinder, Four^Cyole Land Engine. 

The auction gas engine is self-contained and is economical, and in general 
is more suitable than the steam engine for the class of work outlined, but it 
requires about three hours from the time of lighting up the producer to the 
time of starting the engine. By keeping the producer always alight (and so 
considerably increasing the running expenses) the engine may be started after 
the fan for blowing the fire has been running for 20 or ^ minutes. The 
efiect of the blowing fan is never so great as that of the engine suction, so 
that the quality of the gas from the producer at the time of starting is not 
sufficiently good to permit the engihe to be put on full load until it has been 
running for some little time. 

When a suction gas engine has run for a period at a considerably reduced 
load, the producer is not able fully to respond to a sudden increase of load, ' 
since the combustion therein winnot be immediately augmented to supply 
a sufficient quantity of rich gas. 
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With Diesel engines this disadvantage b not present, for if the load 
suddenly increases the fuel pumps instantly adapt their delivery thereto, 
and the engine immediately develops the required output. Should the increase 
of load he considerable, the pressure of the fuel injection air is raised by 
opening up the suction of the compressor, or, when a rapid rise is desired, 
by allowing the compressed air from the reserve storage to pass into tJie 
fuel injection air bottle to raise the pressure therein. 

In the case of lighting plant for shops, theatres, banks, exhibitions, etc., 
where power is only required for a few hours per day, the ease for the Diesel 
engine is particularly strong, since when the engine is stopped no fuel is being 
consumed— i.e., there are no stand-by losses — and where power must b« 
generated in the middle of a city the Diesel engine further presents the 
advantages of the convenient and rapid storage of fuel, the absence of chimney, 
of smoke, etc. 

Fdt reserve engines, to meet the requirements of compactness and low 
first cost, high-speed Diesel engines have been constructed (Fig. 2, L.W.), and 
their main features are described in subsequent chapters. 



Fig. 2.— Two- Cylinder, Four-Cyole, High-Speed Land Engine. 

Although for certain installations the conditions may require such 
types of high-speed engines, onlv when the considerations t«nding towards 
tins application are of the most stringent should such an engine he put for- 
ward. The delicate nature of the parts of the- high-speed engine m com- 
pu'ison with these of the ordinary land type makes frequent attention 
necessary, and, further, the maintenance charges are likely to outweigh 
the saving in first cost, if continuous service be imposed. 

With plants for agricultural work, dry dock pumpinc, electric power 
stations, reserve sets or sub-stations, lighting sets for fortifications or ships, 
the high-speed engine is distinctly applicable, due to the small space occupied, 
the intermittent running required, and the small first cost, if the available 
personnel is of the requisite high order. 

The economy of first cost h not due alone to the engine, but also to the 
foundations and buildings, and to the smaller overall dimensions of the 
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machine — dynamo, alternator, centrifugal pump, etc. — driven by the oil 
engine. 

In advertisements and catalc^ues of makers of Diesel engines the following . 
phrase is often encountered : — " Diesel engines do not require expert 
attention," which* must only be taken in its literal sense, and not be under- 
stood to mean that any employee is able to take charge of a Diesel engine. 
Although regulations may not be imposed, calling for an examination of those 
in charge of such engines, common sense should counsel the buyer to employ 
only capable men. 

The actual watch-keeping with these engines is of the easiest nature, 
but even the simplest overhauling and repair and adjustment — part of the 
usual maintenance routine — must be carefully carried out on account of the 
delicate and complex nature of the mechanism. 

Purchasers should be specifically warned against engineers who always 
desire to make modifications, since the builders of the engines bring to bear 
upon their design the fruits of considerable experience, and it is frequently 
found that modifications suggested by those running the engine cause 
breakdowns. 

When heat is required for warming shops, furnaces or drying rooms, etc., 
the exhaust gases which leave the engine cylinder at about 400*^ to 600° C. 
may be utilised according to the load on the engine. The heat units con- 
tained therein represent roughly 28 per cent, of those in the fuel consumed, 
80 that in an engine being supplied with about 2,000 calories (7,950 B.Th.U.) 
per B.H.P. per hour at full load, 560 calories (2,220 B.Th.U.) are to be 
found in the exhaust gases ; but since these latter are slightly cooled in their 
passage from the engine to the apparatus for extracting their heat, and 
leave before they give up all their heat, it may be stated that only 17 per 
cent, (or about 320 calories — 1,300 B.Th.U.) with a temperature of about 
150® C.* can be utilised for industrial purposes, either directly or through 
the medium of steam generated in a suitable boiler. 

The water which has circulated through the cylinder jackets, and has 
served to cool the cylinders, contains about the same number of heat units 
as the exhaust gas, approximately 27 per cent., or 540 calories (2,140 B.Th.U.) 
per B.H.P. per hour at a temperature from 60° to 80° C. in small engines 
and 40° to 50° C. in large engines, and may also be used. For instance, when 
the exhaust gases are employed for the production of steam in a boiler this 
water may be used as feed water, giving thus an appreciable increase of power. 

In cases where a large quantity of heat is required, or where this heat 
is called upon to perform important duties, internal combustion engines in 
general and the Diesel engine in particular are less applicable for the following 
reasons than steam engines : — * 

(1) With internal combustion engines the amount of heat in these sources 
varies with the load on the engine, and is not available when the engine is 
stopped. 

(2) Since internal combustion engines have a higher thermal efficiency 
than other prime movers, a considerably smaller number of heat units is 
to be found in the exhaust. 



* See also Barth, "Die Wahl einer Betriebes Kraft," Zeitsch. Ver. deut. lug.. No. 41, 
1912. 
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headway, and must increase on the furtbei appreciation of ^e undoubted 
merita oi the system. It is not to be inferred that all difficulties have been 
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le, and tih&t funnels with their smoke will soon be lelcgcted to the 
past. The marine steam engine has such merits of safety, elasticity, and 
manoauTiiiig capability, has rendered and still lenders such good service 
that, were it for no other reason than the experience and familiarity with 
which it is regarded, gratitude combined with sentiment would prevent 
its immediate supercessiou. 

The Diesel engine has not yet been developed for the highest outputs 
(70,000 to 80,000 B.H.P.), easily obtainable with the steam turbine, and is 



at present rather complicated and uncertain for small powers. A great 
future may confidently be anticipated for this new type of engine, but the 
service still to be rendered by the world's coal deposits cannot be denied. 
The advantages which practice has shown the Diesel engine to offer for 
marine propulsion may now be examined. The most important of these is 
that of fuel economy- — a great advantage in all cases — though its importance 
depends to some extent upon the service for which the ship is intended. 
Whilst steam engines require little less than 1 kilo. (2-2 lbs.) of coal per B.H.P. 
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per hour, a Diesel engine (provided it be not of too small power) consumes 
about 200 grammes (044 lb.) per B.H.P. per hour of heavy oil of 10,000 
calories per kilo. (18,000 B.Th.U. per lb). Putting the price of coal delivered 
at Genoa at about 30 lire (24b.) a ton, 1 B.H.P. -hour with steam costs 
3-0 centimes (0-3d.), whilst with the Diesel engine the cost of 1 B.H.P. -hour 
is about 1-5 centimes (OlSd.), assuming that the price of fuel oil is about 
70 to 80 lire (56b. to 648.) per ton. 

As already stet^d, the advantage of economical fuel consumption has a 
relative value according to the type or service of the ship. This applies not 
only to the three broad divisions of war, mercantile, or pleasure vessels, but 
also to the significance assumed by the saving of fuel effected during 
"stand-bys," since with the Diesel engine the consumption of fuel is 
limit«d to actual running time. 



This advantage is obviously of little importance for ships making lon<; 
Don-Btop voyages, but is considerable in the case of coasting vessels, and 
those which generally have frequent and lengthy periods at rest, when the 
boilers have to be maintained under pressure. 

Rapidity of getting under way is an asset to warships, pilot vessels. 
salvage ships, tugs, and for sailing ships with auxiliary engines. 

The personnel necessary for manoeuvring and watch-keeping in the 
engineering department is appreciably reduced. The number of such in the 
engine room for equal powers is slightly less in the case of the steam engine, 
but the numerous firemen and trimmers are completely eliminated with oil 
engine installations. For example, the "Selandia," with 2,000 B.H.P., ha.", 
for the main engines and all the auxiliary machinery, four engineers (of whom 
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one serves also as electrician), four asaistante, and two greasers, whereas 
with steam engines thiee engineers, three assistontA, and ten or twelve 
firemen, greaaers, and trimmers would have been required. 

A motor ship of 7,700 tons, constructed by the Germaniawerft of Kiel 
for the Deutsch-Americanische Petroleum Gesellschaft, with engines of 
2,300 B.H.P., has an engineering peraonnel of ten, whilst with st«am engines 
she would have needed eighteen. 

The Dutch motor tank ship " Vulcanus " (Figs. 7 to 10) has only four 
men for her engines of 500 B.H.P., whereas if it had a steam engine instead 
there would be at least six. 

In the cargo ship " Monte Penedo " (Pigs. 11 and 12), of 6,500 tons, 
with two Sulzer engmes of 1,600 B.H.P. total, the employment of Diesel 
engines has effected a saving of ten men. 

r - T 



Fig. 11— M.V. " Monte Peoedo." 

The personnel of the engine-room department works under less arduous 
conditions, because the labour of stoking and the heavy work of coal trimming 
are saved, and the engine itself radiates less heat than a steam engine. 

Moreover, the suction of the air for combustion is frequently from the 
engine room itself/ which contributes to efficient ventilation. 

By the application of the heavy oil engine economy of space results, 
but m general the whole of the volume thus gained is not assigned to 
cargo, part being used to make the engine room more spacious. On this 
important point of the economy of space it is desirable to be exact. 
It might be thought that, when substituting a Diesel engine in a ship 
previously fitted with a steam engine, the new engine might be installed 
m the place of the old one, and the space previously occupied by the boilers 
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given over to cargo. This is 
untrue if an exact comparison 
be mad«, taking equal speeds of 
revolutions. From substitutions 
already made and from simple 
outline drawings of the machinery, 
it is seen that the Diesel engine 
is, on its own account, bo much 
larger than the steam engine of 
equal power and equal speed of 
revolution, and the necessary 
auxiliary machinery to the Diesel 
engine is so important that the 
whole plant occupies little less 
space than that required by 
tie equivalent steam plant with 
boilers included. 

Figs. 13 and 14 represent to 
the same scale a six-cylinder 
two-atroke engine of the Ger- 
maniawerft of Kiel, giving 1,150 
B.H.P. at 140 revolutions per 
minute, and a three - cylinder 
triple-expansion engine made by 
Messrs. Odero & Co. 

In Figs. 15 and 16 one of 
the two four-cylinder two-stroke 
engines of 800 B.H.P. at 160 
revolutions per minute, con- 
structed by Oebriider Sulzer (or 
the motor ship '' Monte Penedo," 
is compared with an equivalent 
steam engine built by Messrs. 
Pattison, of Naples. 

Figs. ] 7 to 25 show the altera- 
tion carried out by the Reiher- 
sfieg yard of Hamburg in the case 
of the tank ship " Excelsior," 
on board of which a triple- 
expansion engine supplied with 
steam by two return- tube double- 
ended marine boilers was replaced 
by a two-cycle, single-acting, six- 
cylinder Diesel engine. 

Front these Figs. 17 to 25, it 
may be seen that the Diesel plant, 
with its auxiliaries, occupies prac- 
tically the same amount of apace 
as the engines and boilers of the 
original installation — that is to 
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say, there was no economy of space. A considerable saving, however, is shown 
in Fig. 26, which represents an alteration carried out by Messrs Sulzer in 
the case of the steamship " Uto," in service on Lake Zurich, of 62 tons [length 
30'3 metres (100 feet), breadth 3-96 metres (13 feet), draught 1-85 metres 
{6 feet)], in which a four-cylinder, two-cycle Diesel engine, of 150 B.H.P. at 
300 revolutions per nunut«, was substituted for a st«ani engine of 70 B.H.P. 
In this way the original engine and boiler space was shortened by 1-3 metres 
(4-25 feet), and although containing almost twice the power, it was consider- 
ably more roomy. It should be noted that in this particular case the 
propeller speed was considerably increased. 



Again, the Italian motor ship, " Romagna," shipwrecked in November, 
1911, in the Adriatic Sea, was provided with two Diesel engines, each of 
400 B.H.P., and the engine-room was small (see Figs, 27 and 28), These 
engines at full power ran at 225 revolutions per minute, whereas a steam 
engine of equal power suitable for this type of ship would seldom be designed 
with a speed higher than 160 to 180 revolutions. 

If then a comparison be made between the spaces occupied by the two 
types of engines (in each case the revolutions being the same), and account 
be taken ot their auxUiaries, but not of the fuel stowage, the economy of 
space which is realised with a Diesel engine is not great. It is weU to 
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add that too great insistence upon the basis of equal speeds of revolution 
may in reality aSect tlie accuracy of comparisons, since the number of 
revolutions most suitable for a Diesel engine, m wluch no particular condition 
influences its speed, is always higher ^an that customary for the normal 
speed of a steam engine of equal power. 

An indisputable saving of space is obtained with a Diesel plant, due to 
the smaller stowage of fuel necessary to give the ship a certain radius of 
action. Assuming the specific gravity of heavy oil (about 0'9) and of broken 
coal {0-8 to I'O) to be practically equal, then the volume and the weight 



of fuel for equal powers and equal radii of action will be reduced by four-fifths, 
since a Diesel engine consumes less than 200 granomes (0-44 lb.), whilst a 
steam engine requires about 1 kilo. (2-2 lbs.) of coal per B.H.P. per hour. 
Further, whilst coal requires ample and accessible stowage, oil may be 
stowed in the double bottoms of the ship, to be delivered by small pomps to 
a small reservoir in the engine room. 

The taking in of the fuel becomes, in addition, more easy, rapid, and clean, 
as it may be carried out directly from shore reservoirs or tank waggons by 
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means of pumps. In tbe case of warahips, rapid replenishment, even at sea, 
bjr means of flexible hoses is possible, mspensing thus with the necessity of 
the supply ship coming close alongside the vessel to be supplied, a proceeding 
often dangerous and even impossible in heavy weather. 
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For equal radius of action, the economy of weight as of space, due to 
fuel carried, is about four-fiiths, and this figure is confirmed by experience ; 



20 



LAND AND HABINB DIBSBL ENOINB3. 



the " Robert Nobd," of the firm Nobel, of Petrograd, consumed 48,900 kga. 
(48 tons) of coal on the voyage from Baku to Astrakan, whereas, after being 
fitted with Diesel engines, only 9,780 kgs. (9-6 tons) of heavy oil were used. 

The economy in weight of the machinery is much less appreciable than 
that of the fuel carried, but is far from negligible. 

For example, the engine of the motor ship " Vulcanus," of 500 B.H.P. 
at 180 revolutions per minut«, weighs 42 tons^i.e., 84 kga. (185 lbs.) per 
B.H.P., and the complete plant, with piping, reservoirs, etc., 85 tons, equal 
to 168 kgs. (370 lbs.) per B.H.P. The correaponding steEun instAllation, 
allowing about 60 kga. (132 lbs.) per B.H.F. for the engine, 110 kgs. (242 lbs.) 
for the boilers, water, funnel, ete., and 30 kgs. (66 lbs.) per B.H.P. of main 
engines for the auxiliary machineiy and piping, would weigh altogether 
about 200 kgs. (440 lbs.) per B.H.P. 

The complete machinery of the " Monte Penedo," giving 1,600 B.H.P., 
weighs 160 tons (the two engines weigh about 110 tons, the piping, reservoirs, 
and accessories 44 tons, the reserve air compressor, complete, about 6 tons) — 



that is to say, little mote than 100 kgs. (220 lbs.) per B.H.P., whilst if the ship 
had been provided with a steam installation the weight of this would have 
been about 180 to 200 kgs. (396 to 440 lbs.) per B.H.P. 

The light type of engine for torpedo boats and submarines, including 
accessories, but excluding auxiliary machinery-, weighs from 15 to 22 kga. 
(33 to 48-5 lbs.) per B.H.P., whilst steam engines for the same are rarely 
less than 20 to 25 kgs. (44 to 55 lbs.) per B.H.P. 

For example, the six-cylinder Sulzer engine ( 
submersibles weighs : — 

Engine alone 

Starting air reservoirs (200 litres). 

Injection air reservoirs (40 litres), 

Valves and air piping. 



Oil coolers, 

Oil filters and piping. 

Cooling water m engine, etc.. 



equal to about 16-5 kgs. (36 lbs.) per B.H.P. 



[ 300 to 330 B.H.P. for 
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The M.A.N, engine 
of the lightest type of 
850 B.H.P. at 450 
revolutions weighs with 
accessories 13,000 kgs. 
(28,600 lbs.) — ♦.e., a 
little more than 15 kgs. 
(33 lbs.) per B.H.P. 

Diesel installations 
of any considerable 
power, however, require 
special auxiliaries, im- 
portant amongst which 
for weight, volume, and 
cost may be reckoned 
the reserve air com- 
pressor, or compressors, 
with their own engines. 

When heavy oil en- 
gines were first applied 
to marine propulsion, a 
great point was made 
of the advantages ac- 
cruing from the elimina- 
tion of smoke and of 
the funnels. With the 
engines running weU at 
about normal load the 
exhaust is practicaUy 
colourlejss, sometimes of 
a faint bluish tinge. 
The products of com- 
bustion are large in 
volume and are un- 
breathable, so that suit- 
able provision must be 
made for their disposal, 
to prevent them from 
affecting the crew, or, 
when the ship is imder 
way in harbours, from 
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from inconveniencing those working on the quays, whatever the ^lirection of 
the ship or of the wind. 

The advantage of invisibility is considerable in the case of war vessels, 
as the ordinary funnels serve as an excellent target for the enemy, produce 
disastrous results should they be shot away, and reduce the arc of training 
of the large guns. With sailing ships, also, a funnel would interfere with the 
rigging and would reduce the available sail area. 

In ordinary cargo boats, where invisibility does not count, the most 
suitable method of disposing of the exhaust gases is, so far, by means of the 
funnel, which usually has dimensions similtrr to those required by boilers of 
the same power, and is frequently used with oil engines for accommodating 
a silencer or as an aid to engine-room ventilation. 

Carrying the exhaust overboard under the counter, as is the practice 
with motor boats, presents the difficulty that, with an astern wind of greater 
speed than the ship, the vessel is enveloped by the exhaust gases ; further, 
should the engine position be about amidships, it is undesirable to carry 
aft, through almost half the length of the ship, the large, hot and noisy 
exhaust pipes. Under-water discharge of the exhaust gases would go far 
to eliminate most of the difficulties, but sufficient reliance cannot be placed 
on a non-return valve for precluding the possibility of water being drawn 
back through the exhaust pipe into the engine cylinders, with possible 
disastrous consequences. 

Since compressed air is required in large quantities for the fuel injection 
and starting of the main engines, it is frequently used in motor ships for the 
duties generaUy assigned to steam. The syren and steering engine most 
frequently are worked by this medium, and sometimes also the cargo winches 
and the capstan engine, which are cheap and of the same design as for steam. 
Compressed air is expensive, and electric winches have so far made little 
headway in general application in the merchant service, so that the only 
remaining solution, that of fitting an oil-fired donkey boiler, is generaUy 
favoured in present-day motor ships. This boiler serves for ship heating and 
for driving the auxiliaries, such as the compressor, dynamo, etc. A second 
compressor and dynamo are sometimes fitted, each driven by its own Diesel 
engine, and the cooling water of the oil engines, or water heated by the 
exhaust gases, is used to facilitate quick generation of steam upon 
lighting up the donkey boiler. 

The fact that the cargo winches and those auxiliaries where absolute 
rehability is indispensable, such as the compressor and the stand-by dynamo 
set, are steam-driven, might appear to detract seriously from the credit 
of the oil engine, and perhaps to some extent does so. The degree of special- 
isation characteristic of modern engineering practice must be considered, 
and whereas the Diesel engine is superior to the steam engine from many 
points of view for the main propelling machinery, it cannot be said to lend 
itself to the rough and ready duty required of the roughly handled cargo 
winch. 

From the point of view of reliability, it is extremely difficult for any other 
type of prime mover advantageously to compete with the steam engine, as 
undoubtedly the latter does not readily break down completely, and can 
generally be kept running although seriously out of adjustment. On the 
other hand, the slightest derangement of any of the important and delicate 
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mechanisms of the internal combustion engine often involves entire 
stoppage. 

In conclusion, it may be said that, to-day, the extended application oi the 
Diesel engine to marine propulsion can be confidently anticipated in the 
near future. The general problem has been solved, the details have been 
tried in many ways, and only to experience can be left decisions regarding 
the relative merits of the various systems. 
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CHAPTER III. 



FUEU FOR DIESEL ENGINES— HEAVY OIL EXPLOSION ENGINES 
AND CONSTANT-PRESSURE OR DIESEL ENGINES. 

Diesel engines are capable of burning abnost all known liquid fuels, provided 
they are sufficiently free from sand, earthy matter and sulphur.* Naturally 
only a limited number of these fuels are employed in practice, those which 
have been chosen being the most economical and the most suitable for the 
purpose. Heavy oil, derived from natural petroleum by fractional distilla- 
tion, is by far the most widely used fuel for Diesel engines. It is exclusively 
used in the countries rich in petroleum deposits, and large quantities of it are 
imported where it is not a natural product. 

In those countries where the Customs duties for petroleum are heavy, 
other oils obtained more cheaply as by-products in many manufactures 
may be and are advantageously employed ; for example, the oils from tar, 
lignite, coal and shale ; and the vegetable oils of rapeseed, castor oil, etc. 

Heavy oil is a liquid mixture of hydrocarbons rich in carbon, viscous, 
brown in colour, of penetrating odour and very slightl/ transparent. Its 
density lies between 0*85 and 0-95, and its calorific vaJue is generally not less 
than 10,000 nor greater than 11,800 calories (18,000 to 21,000 B.Th.U. per 
lb.). As already stated, it is obtained by fractional distillation of petroleum, 
evaporating at over 300^ C, after the lighting and before the lubricating 
oils are given o£E. Distillation is naturally carried out in those coimtries 
where petroleum is found, and from these the heavy oil is procured. 
The world's sources of this product are (1) the United States of America, 
especially California, the Central States, and Illinois ; (2) Russia, whose 
most important wells are at Baku on the Caspian Sea ; (3) Roumania (Fra- 
hova, etc.) ; (4) Galicia (Tustanowice, Boryslaw) ; (5) the Dutch Indies 
(Borneo, Java and Sumatra). The whole world's production of petroleum, 
which in 1910 reached 43 million tons, was divided as follows : — 



United States, 

Russia, 

GaUcia, 

Dutch Indies, 

Roumania, 

India, . 

Mexico, 

Japan, 

Peru, . 

Germany, 

Italy, . 

Canada, 

Other Countries, 



63-89 per 
21-48 

3-79 

3-37 

2-97 

1-87 

1-02 

0-59 

0-40 

0-32 

0-12 

0-10 

0-08 



cent. 



* The sulphur should preferably be kept below 1 per cent. 
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Since the products of the various oil-producing areas differ in composition, 
the percentage of heavy oil obtainable in each country is not in proportion 
to the petroleum, but is always between 8 and 13 per cent, of the latter. 

Of late years^ the adoption of heavy oil for firing steam boilers has gained 
ground. 

In the districts near the sources of production, the use of natural petroleum 
is even more convenient, since its price is somewhere between 25 and 30 
lire (20s. to 24s.) per ton. In those coimtries of Central and Western Europe, 
which import heavy oil, the price per ton reaches 50 to 70 lire (40s. to 56s.), 
excluding import duties which, in some coimtries, such as Germany, France 
and Spain, are heavy. 

Commercial treaties between the various countries, even more than 
distance, afiect the importation of heavy oil from one or other of the different 
sources of supply. In Italy, Roimianian oil is most used, because, whilst 
that from other sources is taxed at the rate of 8 lire per 100 kgs. (6s. 6d. 
per 2,205 lbs.), a special agreement with Roumania concedes the preferential 
tariff of 0*2 lire per 100 kgs., provided it satisfies the following conditions : — 

Specific gravity above 0*925 at 15° C. 
Temperature of distillation above 310° C. 
Flash point between 120° and 140° C. 
Foreign matter below 20 per cent. 

The price of this oil is about 60 to 70 lire (48s. to 56s.) per ton 
in Italy. 

In France, Germany, and Spain,* where the import duty on heavy oil 
is still very high, fuels of home production or free of duty are used for 
Diesel engines. Amongst these, during the last few years, tar oil, derived 
from the distillation of the tars of lignite or coal, has assumed a position of 
particular importance. 

Lignite tar oil (paraffin oil) is a good fuel, but is not cheap ; coal-tar oil 
is comparatively cheap,t but has too high a flash point to be used alone. 
After a series of trilas with mixtures of the two oils, latterly, and especially 
in Germany, the adoption of coal-tar oil as the principal fuel, aided at the 
moment of ignition by a small quantity of petroleum oil, has become common. 
The latter is injected into the cylinder first, ignites, and so produces a tem- 
perature capable of completely burning the tar oil. From careful trials it is 
found that the igniting fuel necessary for reliable running of the engine 
is 2 per cent, at full load, 7^ per cent, at three-quarters, and 13 per cent, 
at half-load. Since tar oil has a calorific value slightly less than heavy 
oil, the fuel consumption of the engine increases correspondingly by 12 to 
15 per cent, by weight. 

Heavy Oil Engines are classed as internal combustion engines, as they 
convert the heat energy of the fuel into work in the engine cylinder itself. 
The heavy oil, injected into the cylinder in a suitable condition, ignites, 
burning with the oxygen of the air therein, and so evolves heat. 

In die case of all liquid fuel engines it is necessary, to facilitate and acceler- 

* The duty in Germany ia 36 markB (366.) per ton, in France 90 franos (728. )> and Spain 
260 pesetas (lOOs.). 

t In Germany it costs about 30 marks (SOs.) per ton. 
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ate combustion, that at the moment of ignition the fuel should be already 
intimately mixed with the air, either in the form of vapour or divided into 
minute particles a& spray. 

With volatile fuels, such as petrol, vaporisation does not present any 
difficulty, as it is sufficient to cause the air to bubble through the fuel on 
its way to the cylinder, or to inject a jet of fuel into the current of air in the 
inlet pipe. Thus, even without previously heating either the petrol or the 
air, the latter becomes charged with petrol vapour or carburetted. 

In the same way carburation may be effected with alcohol, benzine, and 
even with paraffin, proyided that the temperature is kept high in the case 
of paraffin. 

With heavy oils vaporisation may also be obtained, but only with a very 
high temperature, and it is generally more suitable to have recourse to 
mechanical spraying. 

Both of these systems of splitting up the fuel are utilised, and lead to 
two types of engines, different both from the mechanical and the thermo- 
dynamic point of view. 

The most common method for obtaining vaporisation of the fuel is that 
of spraying it against a very hot metallic wall of a chamber in communication 
with the cylinder. On contact with this wall the fuel is heated and vaporised, 
and since the vaporisation is effected almost instantaneously, the combustion 
assumes the character of an explosion. Engines working on this principle 
are known as heavy oil explosion engines. 

On the other hand, the mechanical means most frequently adopted for 
obtaining pulverisation or spraying is that of injecting the heavy oil into 
the cylinder by means of cir current of air at a pressure considerably higher 
than that present in the oylinder itself *, thus the fuel is subdivided into 
minute particles and forms a kind of mist. If the air in the cylinder at the 
instant when the injection takes place is at a sufficiently high temperature, 
this mist of oil spontaneously ignites, and the combustion lasts the whole 
time during which the oil continues to enter, assuming the character of 
gradual combustion as opposed to an explosion. In this way the combustion 
takes place in constant-pressure, or Diesel, heavy oil engines! 

The different method of igniting the fuel leads to an altered thermo- 
dynamic action during the stroke in which it occurs, and so to an important 
modification of the thermal cycle of the engine. 

Heavy oil engines work on the four- or the two-stroke cycle principle. 
In the case of four-cycle engines, as is known, during the first stroke, the 
piston moving away from the cylinder head draws in air from the atmosphere 
through the suction valve ; during the second stroke all communication 
with the exterior is closed, and the piston returning towards the cylinder 
head, compresses the air and so raises its temperature ; when compression 
is complete the fuel oil is injected, ignites, and generates heat, which during 
the third stroke is transformed into the mechanical work produced by the 
expansion of the burning gases. During the fourth and last stroke communi- 
cation is again opened with the exterior, and the piston, on its inward stroke, 
drives out the burnt gases, leaving the cylinder ready to recommence the 
cycle. 

With the two-stroke cycle, however, all the operations occur in two 
strokes — i.e., in a single revolution of the crank. The cycle starts from 
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the position where the piston is closest to the cylinder head, the compression 
stroke having just been completed, and at the moment fuel enters and is 
ignited. At iiiis point the first or power stroke commences — Le,, the 
expansion stroke. When the piston has almost completed its travel, it 
uncovers ports in the cylinder wall, through which the burnt gases are 
exhausted. A current of pure air at a slight pressure enters the cylinder 
at this moment and sweeps them out. Thus the ^cylinder is freed of 
exhaust gas and filled with air, and is in the same condition as at the end 
of the suction stroke of the four-stroke cycle. During the return stroke the 
piston compresses the air in the cylinder, and the cycle recommences. 

In other words, in the two-stroke cycle the rapid operation of the 
scavenging of the burnt gases, which takes place in the very short time 
between the end of the expansion and the commencement of the compression 
stroke (to which two strokes the cycle is reduced), is substituted for the 
two strokes of suction and exhaust of the four-stroke cycle.* 

It is evident that from the thermodynamic point of view no difference 
exists between the two cycles described. The differences are all of a mechanical 
nature, and attention must be given to these if a comparison is to be made 
between the two methods. 

At a first glance, the superiority of the two as opposed to the four-cycle 
might seem evident. Without altering the thermal efficiency of the engine 
aln impulse stroke is obtained from it every revolution instead of every two 
revolutions of the crank shaft, and so the specific power of the cylinder 
should be doubled. In other terms, for equal cylinder volumes and an equal 
number of revolutions, a two-cycle engine would have theoretically double 
the power of a four-cycle engine. In addition, ihe mechanical efficiency is 
theoretically better because the two strokes of Action and exhaust, which 
the f our-pycle engine has to carry out at the expense of the momentum of 
its flywheel, are eliminated. And so, for equal regularity of running, the 
flywheel may be less than half the weight, due to the greater regularity of 
the cycle itself. 

In practice, the question is not so simple, nor the superiority of the two- 
stroke cycle so clear and evident. 

First of all, two-cycle engines, unlike those of the four-stroke cycle, 
require a scavenging pump to supply the air for sweeping out the burnt 
gases. In order that iiie scavenging should be efficacious, this pump must 
be capable of giving at every revolution a quantity of air equal or greater 
than the cylinder volume, and needs, therefore, to be of considerable size 
and weight relative to the main engine proper. Moreover, it absorbs energy 
for its work and by the friction of its moving parts. 

Secondly, the power developed by the main engine working on the two- 
stroke cycle is not exactly double that of a four-cycle engine of equal cylinder 
volume and equal piston speed, not only because of constructive reasons, but 
often because the imperfect scavenging leaves an appreciable percentage 

* Only the modern two- stroke cycle is herein described, and no reference is made to 
the Lenoir cycle of gas engines, of earlier date even than the four-stroke cycle ; in 
this case the piston drew in air and gas for a part of the outward stroke, then, all com- 
munication with the exterior being closed, the mixture was exploded, afterwards 
expanding to the end of the stroke. The whole of the second stroke was employed for 
exhaust. This cycle was naturally quite different from the four-stroke cycle, even 
from the point of view of thermodynamics, since there was no compression stroke. 
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of burnt gases in the cylinder. This is easily explained by a consideration 
of the limited quantity of air available for scavenging, the very short time 
allowed for the combined scavenging and exhaust, not to mention the im- 
possibility of ensuring that the scavenging air shall sweep out every part 
of the cylinder. 

A back pressure, such as may be caused by a long exhaust pipe, or one 
having sharp bends and not of a sufficiently large diameter, serves further 
to decrease the efficiency of the scavenging, causing thus a greater reduction 
of the power developed than the back pressure on the piston during the 
exhaust stroke of a four-cycle engine. For this reason, two-cycle engines 
require big silencers close to the engine, and exhaust pipes of large diameter. 

To recapitulate, imperfect scavenging, by diminishing the percentage 
of oxygen in the cylinder charge, diminishes its power per unit of volume. 
Hence in reality, for a given size of cylinder and piston speed, the power 
with the two-cycle engine is not twice that of the four-cycle ; this, together 
with the scavenging pump, alters the proportions of weight and size for the 
two engines, and in addition the scavenging pump reduces the advantage 
of increased mechanical efficiency, which would otherwise characterise the 
two-stroke cycle. 

However, in spite of the foregoing, the superiority of the two-cycle engine 
is undoubted, and if there are at the present time any grounds for difference 
of opinion, these are merely the result of greater experience with four-cycle 
engines having eliminated those small difficulties which can only be revealed 
and remedied by practice. 

Practically all makers of Diesel engines now design and build those of 
the two-stroke cycle, in some cases with the very best results, but always 
with such as to encourage continuation ; it is not necessary then to claim 
to be a prophet to assert that the two-cycle engine is that of the future. 

At present, endeavours are being especially concentrated on the design 
of two-cycle engines of very small and of the largest powers ; and to the 
lesser extent on engines of medium power, for which the four-stroke cycle 
does not present any difficulty. 

The problem is being attacked for small powers to obtain lightness and 
simplicity, and to give an engine sufficiently cheap for the power production 
of small factories, whilst for the very high powers the endeavour is to cir- 
cumvent the difficulties always associated with large units, and particularly 
with internal combustion engines, in which large cylinder volumes give rise 
to anxiety regarding the strength of some parts subject to high pressure, and 
the cooling of those parts exposed to high temperature. 

Since the thermo-dynamics of the cycle are not affected whether it has 
two or four strokes, it is evident that both explosion and constant-pressure 
engines may be constructed according to either system. There are, in fact, 
examples in practice of all these types, and heavy oil engines may be classified 
according to the number of strokes required to complete the cycle, and the 
manner in which combustion takes place. There are, therefore : — 

Four-cycle explosion engines (semi-Diesel). 
Two-cycle „ „ 

Four-cycle constant-pressure or Diesel engines. 
Two-cycle 
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There>are, in addition, examples of mixed combustion engines, in which 
the combustion takes place partly at constant volume and partly at constant 
pressure ; naturally, these may be either of the two- or four-stroke cycle 
{e.g.y Sabathe). 

Of the four categories tabulated above, in the first and second are included 
engines of small power (from 2 to 80 B.H.P. per cylinder) cheap in first cost 
and running charges ; for industrial purposes those of powers less than 15 
B.H.P. are the most common. 

The third category is notable for the number and importance of its appli- 
cations, as therein are included the numerous Diesel engines for industrial 
and marine purposes, both slow running and high speed, of 5 to 800 B.H.P. 
Those of powers less than 20 B.H.P. are not numerous, due to the relatively 
high first cost of t£e engine, which is not entirely compensated for by economi- 
cal running. 

The fourth division, that of the two-stroke Diesel, represents the most 
recent and the best "application in practice of the heavy oil engine. The most 
powerful units (600 to 2,000 B.H.P.) are of this type, because it* is naturally 
adapted to those powers for which the four-stroke Diesel engine, owing to 
its greater size, is unsuitable. This type is also used for lower powers in marine 
work, where the two-stroke cycle offers advantages of lightness and easier 
reversibility, and renders possible a greater variation of the number of 
revolutions. 

The construction of engines of these different types may now be considered. 

Four-Cycle Explosion Engines (Semi-Diesel). — The piston connected to 
the crank works in a cylinder closed at one end and open at the other (Fig. 29). 

During the first downward stroke the piston draws air through the suction 
valve a ; during the return stroke the valve a and every other conmiunication 
with the atmosphere is closed, and the air in the cylinder is compressed ; 
towards the end of this stroke the fuel pump P injects into the hot cast-iron 
bulb C (usually kept at a dark cherry-red heat) the quantity of oil necessary for 
the combustion stroke, so that when the piston arrives at the dead centre 
the fuel burns rapidly, raising the temperature and the pressure in the cylinder. 
During the next downward stroke of the piston, the burnt gases expand, 
producing usefiil work ; during the fourth stroke the piston sweeps out the 
burnt gases into the atmosphere through the open valve 6, after which the 
cycle recommences. 

The valve a may be automatic, in which case the decrease of pressure due 
to the suction is such as to overcome the strength of the valve spring, and the 
valve opens due to the difference of pressure. When the suction ceases at 
the end of the stroke, the spring closes the^valve. Frequently, however, to 
obtain a more certain and accurate movement, and to improve the volu- 
metric efficiency of the engine, the suction valve is mechanically operated by 
a cam in the same way as the exhaust valve, which is always positively 
operated. 

The walls and head of the cylinder are cooled by a water-jacket in order to 
prevent the repeated explosions from giving rise to temperatures dangerous 
to the strength of the walls or sufficient to burn the lubricating oil. The bulb 
C, on the other hand, is not cooled, as it is desired that the heat of combustion 
should maintain it at a temperature sufficient to vaporise and ignite fuel 
in contact therewith* 
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Naturally, before starting the engine, it is necessary to heat the bulb C, 
which is done by directing against it for some minutes the flame of a blow- 
lamp. 

Generally, during the suction or compression stroke, a few drops of water 
or a little steam is introduced into the cylinder for the purpose of lowering 
the temperatures of compression and explosion. The result of this pro- 
cedure is shown by practical experience to be most beneficial, though theo- 
retically somewhat irrational. 




Pig. 29. — Diagram of Four-Cycle Explosion Engine (Semi -Diesel). 

Four-cycle explosion (semi-Diesel) engines are made in vertical and 
horizontal types, and the latter resemble gas engines in appearance, and are 
generally of English construction. 

K the term " heavy oil engines " is understood to mean those which 
burn a fuel with a density greater than 0-9, the examples of four-cycle 
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explosion engines of this class are few. Those consuming crude oils of lower 
density and parafl&n are, however, very numerous, though not in Italy. 
The countries where such engines are found are determined particularly 
by the favourable conditions of customs duties, or the proximity to the 
sources of supply of the most suitable fuels. Should it be necessary to use 
parafi^ as fuel, this type of engine is in general not the most suitable, since 
the paraffin may be very well vaporised in simple carburettors such as are 
applied to motor cars (L.W., G.F.D., Benz), eliminating the fuel pump feed 
and the hot bulb, the one delicate, and the other of short life, owing to the 
high temperature to which it is exposed. 

Two-Cycle Explotdon Engines (Semi-Diesel). — ^The most usual type has 
the crank-shaft totally enclosed in the crank-case, which is in communication 
with the exterior by an inward opening valve. The crank-case communicates 
in its turn with the cylinder through a passage of large size opening into 
the latter at such a position that the port is only completely uncovered by 
the piston at the lower dead centre (Figs. 30 and 31). 

Another opening in the wall of the cylinder is situated diametrically 
opposite to, and slightly higher than, the first — i.e., in such a position that the 
piston in its movement opens it before, and closes it after, the first. To this 
is connected the exhaust pipe of the engine. 

Supposing the explosion to have taken place, as explained when dealing 
with the four-cycle engine, the piston descends under the influence of the 
expansion of the gases contained in the cylinder; at the same time the 
lower side of the piston compresses the air contained in the crank-case. 

When the piston has descended far enough to uncover the exhaust ports, 
the gases escape through the latter to the exterior, and the pressure of those 
which remain in the cylinder falls to that of the atmosphere. Meanwhile, 
the piston descends fiirther and uncovers the communication between the 
crank-case and the cylinder, through which flows the air which has been 
compressed in the crank-case (Fig. 30). 

The piston crown is shaped in such a way as to give the current of scaveng- 
ing air an upward deflection, causing it to traverse the whole cylinder 
before passing out through the exhaust port, driving before it and sweeping 
out the burnt gases which had remained in the cylinder. 

On the upward stroke the piston first closes the two ports, and then 
compresses the remaining scavenging air, whilst its lower side draws air 
into the crank-case through the automatic valve to serve for the next 
scavenging operation (Fig. 31). 

In this type of engine, as in those of the four-stroke cycle, a small quantity 
of water is injected into the cylinder, in order, by its evaporation, to lower 
the temperature at the moment of the explosion. 

The compression pressure with these engines is 6 to 15 atmospheres 
(85 to 215 lbs. per square inch), and that of the scavenging air from 1 to 
5 metres of water (1*5 to 7 lbs. per square inch). • 

The explosion pressure is from 18 to 25 kg. per square cm. (260 to 350 lbs. 
per square inch). The scavenging air could equally well be compressed by a 
special blower or by a stepped piston instead of in the crank-case, although 
the latter system is convenient, simple, and preferable for small powers. 

Both horizontal and vertical types of these engines are constructed, 
though the vertical type having one, two, or more cyhnders, is the more 
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common. Most constructors put the two types on the market, though each 
specialises in one or the other. 

It is almost impossible to calculate and theorise regarding the construction 
and thermal cycle of engines of this type, as their forms and dimensions 
are to a great extent the result of experience, to which is due their dis- 
similar designs, the various pressures at which they work, and the different 
sections of certain parts, such as the piston crown and the hot bulb. 




Figs. 30 and 31. — Diagrams of Two-Cycle Explosion Engine (Semi-Diesel). 

A Foui>-€ycle Diesel Engine is represented diagrammatically in Fig. 32, 
with a single-acting piston with gudgeon pin, and all the valves * — i.e., 



* For simplicity in the diagrammatic sketch the valve-actuating gear is omitted. 
In this case, aU the valves are mechanically operated. 
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Fig. 32. — Diagiam of a Four-Cyde Diesel Engine and Plant. 
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the inlet valve a^, the exhaust valve a^^, the starting air valve e, and the 
fuel injection valve q, in the cylinder head. 

The fuel tank o supplies the fuel pump P ; C is a two-stage air com- 
pressor for pumping fuel injection and starting air into the reservoirs 
or bottles I and II. 

During the first downward stroke of the piston, air is drawn into the 
cylinder through the slotted pipe and the valve a^, during the return 
stroke the valve a^ and all the other communications with the exterior are 
closed, and the air is compressed in the cylinder to a pressure of 29 to 35 
atmospheres (415 to 500 lbs. per square inch). 

The compression of the air raises its temperature to such a degree that 
when, at the end of this stroke, the needle valve q is lifted and the fuel is 
injected into the cylinder, it ignites spontaneously, and the combustion 
proceeds approximately as long as the fuel continues to enter the cylinder — 
i.e., a fraction of this third stroke, varying with the type of engine and with 
the load. The valve q is again closed, and the gases continue to expand for 
the remainder of the third or impulse stroke. 

During the fourth stroke the piston drives out the burnt gases through 
the open exhaust valve a^^. 

The casing of the fuel injection valve q is always in communication with 
the fuel injection air bottle I containing compressed air at 45 to 70 
atmospheres (640 to 1,000 lbs. per square inch), and the fuel pump F which 
draws the oil from the fuel tank o has to overcome this pressure during its 
delivery stroke. The pump P need not deliver the fuel to the injection valve 
at any given moment, but it inust prepare in it the exact quantity for a 
combustion stroke. The valve q, operated by a cam, is raised at the correct 
moment, and allows the fuel to be injected into the cylinder by the pressure 
of the air in the pulveriser of the fuel injection valve. This pressure is 
considerably higher than that in the cylinder at the end of the compression. 

Adjustments are so made that during the whole time the fuel is being 
injected the pressure in the cylinder is maintained practically constant, 
though the piston in moving increases the volume of the gases. 

llie compressor C supplying the fuel injection air has, as ahready men- 
tioned, two or sometimes even three stages ; L.P. is the low pressure and 
H.P. the high-pressure cylinder, whilst the coolers to lower the temperature 
of the air between the two stages and before it enters the reservoir are shown 
at r^ and r^^. The compressor is almost always driven by the engine itself, 
either by means of levers, as shown in Fig. 32, or by a crank. Its output 
is greater than that necessary for the fuel injection air, and the excess is 
stored in the starting air bottle II. There are generally three reservoirs 
or bottles, one similar to I and two considerably larger, as shown at II. 
The air from the compressor enters the reservoir I, which is connected to 
the fuel injection valves, and also the reservoirs II, so that when the pressure 
in I is sufficient for the injection valve any subsequent excess of air may 
be allowed to pass into the reservoirs II. When these are charged the 
output of the compressor is reduced to that necessary for the injection of 
the fuel. The piping from the reservoirs II leads to the starting air valve 
on the cylinder head. 

A Two-€ycle Diesel Engine is represented diagrammatically in Fig. 33, 
in which many of the details described for a four-cycle engine, the fuel tanlc, 
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Fig. 33.— DiAgram of Two-Cyole Diesel Engine and Plant. 
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the oil fuel pump aud iujectioa valve, the compressor with ite coolers, the 
ail reservoirs, the starting air valve, etc., will be seen. 

In the lower part of tibe cylinder walls are seen the exhaust ports charao- 
teristic of two-cycle engines, which are uncovered by the piston at the end 
of ite stroke. 

The scavenging sir, instead of entering at the bottom through other 
ports in the cyUnder wall, in this case enters through mechanicaUy operated 
valves, generally two or four in number, placed symmetrically in the cylinder 
bead in place of the suction and exhaust valves of four-cycle engines. 

When the piston has uncovered the exhaust ports, and the pressure in 
the cylinder has fallen to almost that of the atmosphere, the scavenging 
valves are opened tc^ther and allow the scavenging air to enter the cylinder 
and sweep out the burnt gases. 




FigB. 34 to 36.^Arcsngement of Port So&v«Dging in Polar Marine Diesel Engine. 

There is nothing to prevent the scavenging being effected without valves, 
as described ioi explosion engines, and applied in some designs of Diesel 
engines, more especially for low powers (see Figs. 34 to 36, Polar marine 
engine). Scavenging with valves is more complet« in its effect, and the 
weight of air which remains in the cylinder is greater. 

- When the scavenging is carried out by means of single ports, the latter 
are closed before those of the exhaust, and so the pressure in the cylinder 
is not greater than that of the atmosphere. On the other hand, with valve 
scavenging the valves are closed after the piston has covered the exhaust 
ports, and so the pressure of the air in the cylinder before the compression 
stroke commences is that given by the scavenging pump — i.e., between 
0-25 and 0-6 of an atmosphere (3 and 7 lbs. per square inch). 
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A system to combine the advantages of the two methods of scavenging 
is met with in some of the most recent two-cycle engines. Figs. 37 and 38 
represent, diagrammatically, its action. . . 

A second row of ports d is cast in the cylinder or liner with their upper 
edge higher than that of the exhaust ports. These are above the usual 
scavenging ports, and are opened after those for the exhaust. The ports d 
conamunicate with the scavenging air receiver through a separate passage, and 
this^communication may be opened or closed by a double-seated valve a, 
operated by a cam and push rod. At the end of the expansion stroke the 
valve a remains closed and exhaust commences as usual before scavenging. 
On the return stroke, when the piston has covered the lower scavenging 





Figs. 37 and 38. — ^Arrangemoiit of Double Port Soayenging with Sulzer Marine 

Diesel Engine. 

ports, the valve a opens, and air continues to flow through the ports d^ 
until cut-oS by the main piston, after those for the exhaust are closed. 
In this way the cylinder at the commencement of the compression stroke 
is charged with air at the pressure of the scavenging receiver, instead of 
at that of the atmosphere. 

In two-cycle Diesel engines of high power the scavenging pump is gener- 
ally independent and double-acting (Fig. 33), driven by a suitable crank 
from the engine crank-shaft (Tosi and Sulzer), or by balanced levers (Tosi, 
Carols and Germaniawerft). 

The valves of the pump are often of the piston type, though sometimes 
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automatic valves are used instead. These scavenging pumps are generally 
one or two in number, even for engines of six or eight cylinders. 

Instead of a separate scavenging pump, each cylinder may, to obtain a 
more compact engine, be provided with a piston of two diameters, the largest 
part of which serves as scavenging pump (M.A.N., Kind and Fiat). This 
S3rstem has the disadvantage that the scavenging air is hotter and, there- 
fore, less dense, and the charge of air for combustion is thus reduced in weight. 

Grank-case compression is never adopted for Diesel engines, since lack 
of accessibility and other disadvantages of this type of scavenging nullify 
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Fig. 39. — Diagram of Junkers Engine. 

any gain in simphcity. It is further desirable that the scavenging pump 
should have a delivery greater than the engine cylinder volume. 

With two-cycle Diesel engines, the compression pressure is generally 
from 32 to 36 atmospheres (455 to 510 lbs. per square inch), and that of the 
scavenging air from 0*25 to 0*35 kgs. per. square cm. (3*6 to 5 lbs. per square 
inch), and with high-speed engines even 04 to 0*5 kg. per square cm. (5 to- 
7*1 lbs. per square inch). The fuel injection air pressure is about the same 
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with two-cycle as with four-cycle engines. The cylinder volume of the 
scavenging air pump varies from 1*3 to^ twice that oithe engine cylinder 
or cylinders suppUed by the pump. 




Fig. 40. 



Fig. 41. 



Fig. 42. 



Fig. 43. 



Fig. 44. 



Figs. 40 to 44.— The Cycle of Operations of the Junkers Engine. 

A type of two-cycle engine, which differs widely from that described 
hitherto is the Junkers double-piston engine evolved from the Oechelhauser 
gas engine. The cylinder (Fig. 39) is a simple liner without cylinder heads. In 
the walls are two series of ports, one for scavenging and the other for .the 
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exhaust, covered and uncovered by the two pistons which move in opposite 
directions with equal strokes. When the two pistons are close to the end of 
the expansion stroke they uncover the ports, and the scavenging air enters 
at one end and drives out the burnt gases through the ports at the other 
end. 

The engine is shown diagrammatically in Fig. 40, with the pistons at the 
inner dead centre. Fuel is injected into the space between the two pistons, 
ignites, and produces the impulse stroke, which continues until the piston 
V (Fig. 41) opens the exhaust ports, when the pressure in the cylinder drops 
to that of the atmosphere. As the pistons continue to move away from one 
another, the scavenging ports are uncovered by the piston H (Fig. 42) and 
scavenging takes place until the end of the stroke (Fig. 43), and until the 
pistons have on their return strokes covered first the scavenging and then 
the exhaust ports. During the remainder of the stroke the pistons approaching 
one another compress the air and the cycle recommences (Fig. 44). 

Placing two such cylinders in tandem, and connecting their pistons, as 
shown in Figs. 45 and 46, the equivalent of a double-acting engine is obtained.* 




Figs. 45 and 46. — Tandem Cylinders of Junkers Engine, equivalent to 

Double-Acting Engine. 

The advantages of the Junkers system may be enumerated as follows : — 

(1) The cylinder, being a simple liner, is well adapted to high pressures, 
and is not subjected to dangerous internal expansion stresses. 

(2) The moving masses are in perfect balance. 

(3) The reactions of the piston loads are taken by the moving parts instead 
of by the engine structure. 

(4) The scavenging is good, and the air passes from one end of the cylinder 
to the other without the necessity for valves. 

(5) The system is particularly suitable for high powers. 

In view of the application to marine propulsion, Professor Junkers 
has advocated a very simple method of obtaining considerable overloads for 
short periods, by introducing a throttle valve in the exhaust pipe, so as 
to cause a back pressure in the cyUnder. The scavenging pumps then auto- 
matically increase their delivery pressure, and the charge of air for combustion 
enclosed in the cylinder increases in weight, and more fuel oil may be burnt 

* H. Junkers, Studien und experimenieUe Arbeiten zur konstrucktion meines OrossiUmotors. 
Jahrffiich der SchiffbauiechniscJien Oesellsckaft, 1912; vid^ also '* Rivista Marittima," July 
and August, 1912; 8ohififbau, vol. xii., 17th June, 1911. 
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to give an increase of power. This system will be dealt with later from the 
thermodynamic point of view (Part I., Chap. V., p. 53). It may be pointed 
out here that Fiofessor Junkers easily obtains temporary increases of power 
up to 50 per cent, by increasing in his engine, as compared with other types, 
only the cylinder volume of the scavenging pump. 

Stationary Engines. — The usual design of constant-piessure engines for 
land purposes is vertical (Fig. 47, Tosi), but during the last few years some 
horizontal types have been placed upon the market. 

Horizontal construction offers certain advantages over the vertical type, 
justifying the care with which the problem has been attacked— c.(?., %hter 
and cheaper framing, greater accessibility of many of l^e moving parts, 
and, as all the actuating mechanism can be reached from the engine'ioom 
floor plates, the operations of starting and stopping, etc., are more rapid 
and simple than is the case with vertical engines of considerable power, where 
it is necessary to ascend to the ei^ine top platform to examine the man^ 
important parts of the operating gear. The dismantling of some parts is 



Fig. 48.— Twin-Cylinder Horizontal Diesel Engine (M.A.N. Typo). 

more simple ; for example, the piston of a horizontal engine may be removed 
by disconnecting only the craiJc-pin bearing, whilst with a vertical engine 
it is sometimes necessary on lifting it upwards to remove first the cylinder 
head, together with the valve actuating levers, the auction, exhaust, fuel and 
compressed-air piping, etc. 

The difficulties involved in the construction of horizontal Diesel engines 
are mainly in connection with the valve chambers and Uie fuel injection 
valve. The chief objections to this type are the greater floor space 
required and the difficulty of satisfactorily coupUng several cylinders 
together. Two-cylinder engines may be built of a right-handed and a left- 
handed unit having the flywheel between the two, as with gas engines, or 
with two cyHnders coupled together on a single bed (see Plates IX. and 
XIV. facing pp. 192 and 240, and Fig. 48, M.A.N.). With three or four 
cylinders it is difficult to find a good arrangement without having recourse 
to double-acting cylinders, as is done for gas engines. There are some 
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Ftg. BO— Back View of Four-Cylinder TwoCyole Murine Diesel Engine (Osteb Type). 



Fig. 51. Front View of Four-Cylinder TwoCyclo Marine Diesel Engine (CbmU Type). 
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examples of large double-acting installations in which the tandem or twin- 
tandem arrangement is adopted (Fig. 49, M.A.N. ), as with blast-furnace 
gas engines. 

.So far, only four-cycle engines, ranging to about 500 B.H.P. per cylinder, 
have been referred to, but some of the largest firms are designing or have 
on trial two-cycle engines of even 1,000 B.H.P. per cylinder, and capable of 
giving, when arranged as a twin-tandem group, an output of 4,000 B.H.P. 

Ibrine Engines. — ^Marine Diesel engines are always vertical (Figs. 50 and 
51, Carels), with two, three, four, or even eight cylinders in line. Only with 
the Junkers system is the horizontal type proposed. 

The grouping of a number of cylinders, besides permitting of high powers 
without the difficulties due to very large cylinder volumes, reduces the height 
of the engine (an important condition, especially with warships), diminishes 
vibration, and permits of a greater variation of the number of revolutions. 

A good marine engine, for manoeuvring in and out of harbour, etc., ought 
to be able to run with perfec^t regularity and without danger of stopping 
even at very slow speeds. 

The two-cycle double-acting marine engine of 6,000 B.H.P. of the firm 
M.A.N. Niirnberg, is the most powerful so far constructed,* 



* In 1912 a fire caused by a partial exploeion during a shop trial seriously damaged 
this engine. 
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CHAPTER IV. 

THERMODYNAMIC CYCLES. 

In the preceding chapter the general methods of working of heavy oil engines 
have been enumerated and described, and the manner in which the heat 
of the fuel is transformed into useful work pointed out. 

The cycles will now be more closely analysed. All the theory and general 
calculations for such engines are based on a study of these cycles, and for 
that reason it is necessary, briefly, to re-examine those questions having 
direct practical application. 

^ The theoretical work diagram (having volumes as abscissse and pressures 
as ordinates) of a four-cycle explosion engine is shown in Fig. 52. TOie curve 




Fig. 52. — Theoretical Diagram of a Four-Cycle Explosion Engine. 

ab is that of compression, he represents the combustion at constant volume, 
cd the expansion, de the exhaust, and ea the suction. 

If the engine works on the two-stroke cycle the suction stroke is eliminated, 
and the exhaust and scavenging are represented by the line dfa (Fig. 53). 

Fig. 54 represents the diagram of a four-cycle engine with combustion 
at constant pressure ; the compression ah continues to the maximum pressure 
of the cycle, he is the combustion at constant pressure, cdy de, and ea are 
respectively the expansion, exhaust, and suction. 

Again, if the two-stroke cycle is considered, the line dfa (Fig. 55) is sub- 
stituted for d, e, a. 

These two cycles are by far the most frequent in practice, but in addition 
there is the cycle of mixed combustion as applied with Sabathe engines, in 
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whicli the only vftriation is that the combustion takes place in two phases ; 
one be at constant volume, followed bv another cc^, at constant pressure 
(Fig. 56). 





Fig. 63. — Theoretical Diagram of Two- 
Cycle Explosion Engine. 



Fig. 54. — ^Theoretical Diagram of Four- 
Cycle Constant Pressure Engine. 



The Suction of Four-Cyele Engines.^— At the commencement of the suction 
stroke, the volume v^ comprised between the top of the piston and that of 
the cylinder (the combustion space) is full of the burnt products of combustion. 

The piston commences to move outwards and draws in air through the 
open suction valve. The pressure in the cylinder, which was that of the 
atmosphere, or a Uttle more, is lowered to a value p^y ^ Uttle less than the 
atmosphere. This depression is due to the loss of pressure when the air is 
drawn through the suction pipes and valve with a velocity consequent upon 
the volume generated by the piston movement in any given time. 





Fig. 55. — ^Theoretical Diagram of Two- 
Cycle Constant Pressure Engine. 



Fig. 66.— Theoretical Diagram of Mixed 
Combustion Engine (Sabath^ Type). 



K the area and the lift of^the valves are suitably proportioned to the 
dimensions and speed of the engine, the suction stroke is regular, and the 
pressure varies but little f or^the different piston positions. 
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The weight of suction air for the complete stroke is given by ; — 

_ Va.v _„ 10,000 . V 

in which Pa = Vv X 10,000, and is the pressure of suction, T^ the absolute 
temperature of the air, Ra the constant for air, and v the cylinder volume * 

In practice generally f]^, which, as will be seen, represeQts the volumetric 
efficiency of suction, is about 0-9 for slow-running engines and about 0*85 
for those of high speed, but is considerably lower with engines of the highest 
speed with automatic inlet valves — opening under the influence of pressure 
difierence instead of being positively operated by levers. T^, varies generally 
from 290° to 300° C. absolute. 

To obtain the weight of gas in the cylinder at the end of the suction 
stroke, the weight of the burnt gases which are in the combustion chamber 
at the commencement of the suction stroke must be added. These 
have a pressure. p^ = about 1-10 atmospheres (15-6 lbs. per square inch), 
and a temperature T^ = about 700° to 800° C. absolute, and occupy the 
volume Vi of the combustion space. The total weight of the gas in the cylinder 
is then 

p_ ViVe ,>^ t; 10,0 00 

in which R^ can be obtained when the composition of the exhaust gas is 
known. 

Exhaust of Four-Cycle Engines. — In the phase of the exhaust two distinct 
periods occur ; flrstly, the gas escapes rapidly at the end of the expansion 
stroke, by virtue of its pressure being higher than that of the atmosphere ; 
and, secondly, it is pumped out of the cylinder by the incoming piston. 

In the first period, the pressure drops rapidly from p^ to p^ in a very short 
time, so that from the theoretical point of view this drop may be considered 
as taking place at constant volume (although this does not correspond exactly 
to practical conditions). 

The velocity of the gas is from 700 to 800 metres (2,300 to 2,600 feet) 
per second, and its temperature, T^, 900° to 1,300° C. absolute. 

In the second period the mean value of the pressure p^ may be taken 
at about 1*1 atmospheres (15*7 lbs. per square inch) ; 1*08 (15*35 lbs. per square 
inch) for slow-running engines, and 1-15 atmospheres (16*35 lbs. per square 
inch) for those of high speed. The rules governing 'this second period are, 
however, somewhat irregular and fluctuating, depending on the efflux velocity 
of the gas in the first period. 

The temperature of the exhaust gas measured in the vicinity of the exhaust 
valve is from 600° to 700° C. absolute, and varies with the piston speed and 
with the conditions, good or bad, of combustion. 

* In this and all the following formulae the suffix. letters applied to the symbols 
indicate the point of the theoretical diagrams shown in Figs. 52 to 56, to which they 
refer. For example, Pe and T<, indicate the pressures and the absolute temperatures 
respoctively of the points e at the end of exhaust of the diagrams, P^ and Td the pres- 
sures and the temperatures at the commencement of exhaust, etc. 
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Exbaust and Scavengiiig of Two-Cycle Engines. — It has already been 
stated that with two-cycle engines the exhaust and suction strokes are elimi- 
nated; and in their place scavenging by means of a current of air is substi- 
tuted. This air enters the cyUnder through valves or ports, and part of it 
escapes through the exhaust ports cast in the cylinder liner or barrel, pushing 
before it the burnt products of combustion, and leaving the cylinder charged 
with air as pure as is possible. 

The exhaust ports are uncovered slightly before the valves or ports for 
the scavenging air are opened, and in this period of the first phase of exhaust 
the pressure drops to p,i — slightly greater than one atmosphere (14*22 lbs. 
per square inch). After this, the scavenging commences, and the period of 
scavenging corresponds to the exhaust stroke of four-cycle engines. 

Since the exhaust ports must be uncovered by the piston before those 
for scavenging, in the cases where the scavenging air enters by means of 
port^, it follows that the latter must be closed before those for exhaust 
(see Figs. 30 to 34). If, however, the air enters by means of valves (see Fig. 33) 
it is arranged that these close some time after the piston has covered the 
exhaust ports. This second system, as explained in the preceding chapter, 
has the advantage that at the end of the scavenging period the cylinder is 
full of air at a pressure greater than that of the atmosphere, and thus the 
weight of combustion air per unit volume is augmented. 

Whilst the weight of air drawn in by a four-cycle engine is 



To- Ra 

the charge of air in a two-cycle engine of equal cylinder volume v is 

Vi (^ + ^i) 

where p< is the pressure at the end of scavenging and Vj the volume of the 
combustion chamber. Supposing 

T„ = T'„ and R« = R'„, 

and making the ratio between the two charges, 

it is seen, since p^ is always greater than atmospheric pressure whilst p^ is 
lower, that v -f v^ > v. 

For this reason, the quantity of air contained in unit volume of a two- 
cycle cylinder, and consequently the power developed for equal piston speeds, 
should be more than double (the number of combustion strokes per second 
is double) that of a four-cycle engine. In practice, this is not the case ; the 
current of scavenging air cannot form a perfect piston ; it has different 
velocities and directions from point to point, and assumes a vortical or 
whirling motion at the periphery of the column, neglecting the most remote 
corners of the cylinder, for which reason the percentage of oxygen in the charge 
is so much less than with a four-cycle engine as to falsify the results of the 
preceding considerations. 

4 
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Combustion. — In explosion engines combustion should theoretically take 
place at constant volume, and the line be, which represents it in the diagrams 
(Figs. 52 and 53), should be parallel to the ordinate. 

In practice, the time taken for combustion has an actual value, however 
small ; and the explosion appears on the diagram as a Hne very slightly 
curved towards the expansion line.* 

It may be added that, generally, during the first part of the expansion 
period, the burning of a part of the fuel continues, giving rise in this way 
to the phenomenon known as gradual combustion, on which subject several 
important treatises have been written, notably those of Witz, Clark, Otto, 
Tresca, etc. 

The rapidity, duration, and completeness of this gradual combustion 
are influenced by the ignition system, the volatility and purity of the fuel, and 
the temperature of the cylinder and the air — i.e., by the compression ratio. 

Supposing instantaneous ignition (Figs. 52 and 53), then 

* Go . Rg 

in which T^ often reaches 1,500*' to 2,000° C. absolute. 

With combustion at constant pressure the theoretical line be (Figs. 54 
and 55) is parallel to the abscissje. Practically, however, this condition 
cannot be obtained, as it is impossible to inject the fuel into the cylinder 
in such a way that combustion takes place exactly at constant pressure. 
In practice it almost always happens that the pressure rises a little at the 
beginning of injection and falls more or less during the remainder of the phase. 

Theoretically, 

Vc = Vbi Tc = Tft -^ = Tfe . p, 

where i\ is the volume ot the combustion space, and 1^2 that of the combustion 
space 4- the volume generated by the piston in moving from 6 to c of the 

combustion period of the stroke. The ratio — = p, and is called the full 
pressure ratio. * 

With mixed combustion the part of the curve be at constant volume is 
identical with that of the explosion cycle, and the period at constant pressure 
cc, commences at the pressure and temperature reached at the point c of 
the curve of constant volume. 

Compression and Expansion. — ^The following remarks imder the heading 
of these two thermo-dynamic transformations hold good equally for two- 
or four-cycle engines of the explosion or constant-pressure types. 

The form of their curves has the formula Pi/^ = const 

Although, in all calculations, h is regarded as constant throughout these 
changes, actually this does not represent the real thermo-dynamic conditions. 

The value of h depends on the exchange of heat which takes place from 



♦ If combustion occurs too early — /.c, before the piston has reached the inner dead 
centre — the combustion line may incline towards the zero ordinate. 
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the working fluid in the cylinder to the retaining walls. Since the temperature 
of the fluid varies throughout the stroke continuously, and differently from 
the variations of the wall temperatures, the value of h varies with different 
engines, and is influenced even in the same engine by the t.emperature of the 
cooling water, the load, the degree of tightness of fhe piston and of the 
valves. 

The exponent in the equation to the curve has a mean practical value of 
A: = 1*30 to 1-35 for compression and A = 1*35 to 1 '5 for expansion.* 

For theoretical considerations, the curves are taken as adiabatics — i.e., 
it is assumed that the walls' of the cylinders neither absorb nor give up 
any heat. 

The following equations serve for the calculation of the compression 
volume to obtain a given maximum pressure : — 

T^ = T„(g) * =T„.£*-S 

in which the ratio ^ = £, and is called the compression ratio 

The following formulae serve for the expansion curve : — 
With explosion engines — 

With constant pressure engines — 



Vd 



■"'-K^r- 



To draw the curves, the Brauer method (Fig. 57) may be used ; oa is drawn 
making any angle a with oX, and to draw oh, the angle ^ is determined so 
that (1 + tan/3) = (1 + tan a^. 

From any point of known co-ordinates fjOo, two lines are drawn per- 
pendicular respectively to oX and oY. From the points where these per- 
pendiculars cut the axes oY and oX, lines are drawn to db and oa to make 



* Instead of using a mean value for the exponent of t' in the equation, the curve can 
with much closer approximation be divided into parts, each of which follows a different 
law as regards the exponent. Prof. Belluzzo advises a division into three parts for the ex- 
pansion curve, with k — 1 to 1 '2 from the point of maximum pressure to that of a pressure 
0*8 pe ; ifc = 1*4 to 1-46 between 0-8 pc and 0*5 pc ; and h = 1'46 to 1-6 between 0-5 p© 
and the end of the stroke. 
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an angle of 45° with oY and oX. From the points where these lines at 45^ 
intersect 6b and oa, new perpendiculars to oY and oX are drawn, and their 
point of intersection gives another point in the desired curve. 




Fig. 67. 
The following table gives values for fi for most practical cases 



k = 



a 

P. 
Tana 

Tan^ 



110 

ir20' 


115 


1-20 


ir20' 


ir20' 


12° 36' 


13° 10' 


13° 50' 


0-20 


0-20 


0-20 


0-222 


0-234 


0-245 



1-25 


1 

1 1-30 

V 


I 

1-36 


1-41 
18^ 25' 


1-60 


14° 06' 


14° 05' 


14° 05' 


18° 25' 


17° 55' 


18° 40' 

• 


19° 25' 


26° 30' 


28° 


0-25 


0-25 


0-25 


0-33 


0-33 


0-322 


0-337 

• 


0-352 


0-497 


0-540 

1 
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CHAPTER V. 

EFFICIENCIES. 

The efficiencies to be considered in an internal combustion engine are as 
f oUow : — 

The Mechanical Efficiency — the percentage of unit power developed 
in the cylinder, which can be taken from the engine at the flywheel. The 
difference between this percentage and unity is employed to overcome the 
friction of the moving parts. Mechanical efficiency is, therefore, the ratio 
between the brake horse-power and that indicated by the diagram — i.e., 

Indicated and Brake Thermal Efficiencies {rjtiy rjt^) — the percentages of 
the heat units of the fuel that the engine is capable of transforming into 
indicated or effective work ; in otKer words, the ratio between the equivalent 
of one H.P. in heat units and the number of heat units which the engine 
requires to develop one I.H.P. or one B.H.P., 

75 X 3,600 N, , ^ ^^^ N, 

^" = — 425— ^ P". V = *^^^* ^ P .V 

75 X 3,600 N, , ^ ^^. N, 

'^'' ^ "425"^ ^ pT? "" *^p:V' 

where P is the weight of fuel in kilogranmies consumed in an hour with a 
caloriflc value of V calories per kg. 

The Volumetric Efficiency in a four-cycle engine — ^the ratio between 
the weight of the air contained in the cylinder at the commencement of the 
compression stroke and that required to fill the same volume with air at 
atmospheric pressure. 

The Scavenging Efficiency in a two-cycle engine — ^the ratio between 
the weight of air in the cylinder at the commencement of the compression 
stroke and that of the mixture of air and burnt gases. 

The mechanical efficiency depends on the type of engine, and on the 
quality, quantity, and system of lubrication. The speed of revolution has 
a certain influence, as also the temperature of the cooling water, for should 
this be too low, the friction between the piston and the cylinder may be 
augmented,* due to the alteration of clearance between the piston and 
cylinder walls. 

• Cavalli, Teoria del motore a scoppio (Napoli, 1911), p. 72. 
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New engines have always a slightly lower mechanical efficiency than 
those that have run for some time, since actual running gives better surfaces 
than can be obtained by machining, however well this latter may be carried 
out. 

The mechanical efficiency varies also with the load, and 

_ N,-N, 

in which N^ is the horse-power absorbed by the friction of the engine, which 
remains practically constant whatever may be the power developed for a 
given speed of revolution. 

It has been seen, when dealing with cycles, that the expansion is never 
continued to atmospheric pressure, and the exhaust always commences when 
the gas has a pressure of 2 or more atmospheres (28 '5 lbs. per square inch 
or over). If the engine friction be considered as a pressure P^ referred to 
the area of the piston, the work developed in that part of the expansion 
curve between p = P/ and the end of 'expansion is seen to be less than 
that absorbed by friction. 

To give a value to mechanical efficiency, an indicator diagram has to 
be worked out (assuming that the card is sufficiently accurate), and the result 
BO obtained compared with the reading of the brake or other power measuring 
apparatus taken at the same time. 

Mechanical efficiency varies as a rule with heavy oil engines from 0*70 to 
0*85 at full power. ' With a good four-cycle engine of medium or high power, 
the efficiency often reaches 0*80 ; in those of the two-stroke cycle, on account 
of the friction of the scavenging pump and the larger size of the compressor, 
the efficiency seldom exceeds 0-70. 

Whilst the mechanical efficiency depends almost entirely on the construc- 
tion of the engine, the thermal efficiency is closely related to the thermo- 
d3niamics of the cycle. 

Theoretically the explosion cycle is considered as consisting of two adia- 
batics ah and <d (Fig. 52) and of two changes at constant volume ]k and da, 
whereas the constant pressure cycle is taken to be two adiabatics ab and cd 
(Fig. 54) with a change at constant volume da and a constant pressure curve cd. 

Both diagrams (Figs. 52 and 54) are the outcome of practice and not of 
theory, and do not tend to approach to the Camot cycle of maximum 
efficiency composed of two adiabatics and two isothermals. 

In the " Ideal Wdrmemotor " originally studied by Diesel, a cycle 
approaching that of Camot was suggested, but apart from the difficulty of 
attaining isothermal changes with a fluid of low specific heat, such as a gas, 
the original cycle demanded pressures and temperatures inadmissible in 
practice. 

In reality the first engine suggested by Diesel, and described in the 
now famous treatise " Theory and Project of a Rational Heat Engine 
destined to supplant steam engines and heat engines already in use, "should 
have burnt coal dust. With this engine, at the end of adiabatic compression 
a pressure of 250 atmospheres (3,560 lbs. per square inch) should have been 
reached, and at the end of isothermal combustion 90 atmospheres (1,270 lbs. 
per square inch). The cylinder instead of having a water jacket should have 
been insulated to prevent any dispersion of heat. The thermal efficiency 
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ought to have reached 73 per cent. The first engine (Fig. 58) was conatructed 



Fig. 60.— Engine first pubUoly tried in 1807. 

at the works of the Maachinenfabrik, Augsburg, in Ananciat collaboration 
with the finn of Fried. Krupp of Esaen, and was used largely for experiments 
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carried out by iResel and Engineer L. Vogel (Prof, von Lossow, Zeit. des 
Ver. deutsch. Ing., No. 27, 1903). 

After this, various procedures for combination and many types of fuel 
were tested, and after mechanical and thermo-dynamic modifications, a 
type very similar to present-day practice, and represented in Fig. 59, was 
arrived at in 1895, and later that shown in Fig. 60, with which the first 
public experiments were carried out in 1897 by Prof. Schroter. This engine 
is now preserved in the German Museum at Munich (Room 13). 

The first Diesel engines were exhibited to the public at the Munich 
Exhibition of 1898. There were three, one from the Maschinenfabrik, Augs- 
burg, one from Krupp, and the third from the Gasmotorenfabrik Deutz. 
From this point the commercial application of the Diesel engine commenced. 

The general expression for thermal efficiency in internal combustion 
engines is 

in which 9^ is the heat contained in the fuel, 92 the heat lost, and 9 
that actually used. This expression is changed with explosion engines, 
if the compression and expansion are assumed as adiabatics, into 

T 

in which T„ and T^ are the absolute initial and final temperatures of com- 
pression ; or, in other words, tlw thermal efficiency is augmented with an increase 
of tJie fitwl temperature of compress ion. 
But since. 



and ^^=1_ - 



1 



we see that the theoretical thermal efficiency of an exphsiou engine increases 
as the compression ratio, or with the final compression pressure. 

The efficiency increases also, though to a lesser degree, with an increase 
in the value of k — i.e., of the ratio of the specific heats of the gas at constant 
pressure and at constant volume — and, since the value of k increases with 
weak mixtures, the weak mixture high compression ride is justified. This rule 
forms the key to most of the improvements effected with explosion engines 
from their inception to the present time. 

To the advantage as regards thermal efficiency conferred by high com- 
pressions, should bo added that of easier and quicker ignition of the com- 
bustible charge and the smaller quantity of burnt gases which the mixture 
contains, due to the reduced volume of the combustion chamber. 

Practical considerations prevent the compression pressm*e from being 
raised indefinitely, and the advantages of going beyond 16 to 20 atmospheres 
(230 to 290 lbs. per square inch),* are negligible. 



* Guldner. 
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For Diesel engines the general expression — 

' -Pi ti 

^ changed to 

.n which 

y, + 'V 



where tij is the volume of the combustion chamber and v, that generated 
by the piston in the part 6c of the diagram, during which combustion at 
conatant pressure takes place. 

The value p, as explained in the preceding chapter, is called the ratio of 
full pressure. 

In this case the efficiency is raised, ae with explosion engines, with an 
increase of the compression, but is influenced inversely by the value of the 
raCio offuU pressuTf.* 

In this way it is seen, and is confirmed by experience, that the thermal 
efficiency of Diesel engines is greater at reduced loads, where the value of p 
is smaller than at the maximum power. 

This condition gives one of the roost appreciable advantages of the Diesel 
engine — i.e., the small increase In fuel consumption per unit power at 
reduced loads. The increased thermal efficiency compensates, in part, 
for the loss of mechanical efficiency (Fig. 62). 



* From the formula which (ipvca q it is seen that the 
thennal efficiency romainB conatent when adopting the 
Junkers system for obtaining a large overload, as applied 
to engines of the type having opposed piatona. In this 
■;^St«m the engine exhaust is throtlled and the soaveng- 
ing pumps have to <>vercumo a greater prcsBuie. and so 
introduce the charge of aii into the cylinder at higher 
prmaure. The ratio between the exhaust pressure and the 
final compteBaion pressure remains the same, and also the 
value p may be constant (Fig. 61). 



Fig. 61. — Indicator Diagrams 
of Junken Engine, with 
Eihauil Free and Ex. 
hauBt Throttled. 
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. The explosion and constant pressure cycles have been deeply studied 
and compared with the aid of scientific examples, and have led on occasions 
to very heated arguments. Diesel, Zeuner, Schroter, Schottler, Witz, 
Giildner, Banki, etc., have discussed and written at length on this question. 
At the present time, the general opinion is that the two cycles are more 
or less equivalent, and that the thermal efficiency of the Diesel engine depends 
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Fig. 62. — ^Diagram illustrating Comparative Efficiencies of Diesel and other Engines. 

upon the favourable and practical conditions of working which cannot be 
attained in other cycles (including the cycle with isothermal combustion).* 

The general problem — ^given a quantity of heat, A, to find the thermo- 
dynamic conditions of heat introduction in the cycle that the efficiency may 
be a maximum — is obviously indeterminate. Comparison between the cycles 



* Schottler, Dit Gastmichine, 4th ed., p. 269. 
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cannot be made without fixing the pressure, but may be made by taking 
equal compression pressures or equal maximum pressures. 

The first method, probably the more rational from the theoretical stand- 
point, leads to a conclusion in favour of the explosion cycle.* 

The second, which has a greater practical value by reason of the Hmiting 
conditions of strength, and working clearances of the engine parts tending 
to keep the maximum pressure within certain bounds, results in a*conclusion 
in favour of the cycle at constant pressure. 

A clear and simple comparison can be made with the aid of the theoretical 
entropy diagram as given by Boulvin (Fig. 63). 




Fig. 63. — ^Theoretical Entropy Diagram of Explosion and Constant Pressure Engines. 

In the entropy diagrams, as seen, the ordinates are the absolute tempera- 
tures T and the abscissae the entropy 1^. The area j-^ x T =9 represents 
the quantities of heat. "^ • 

The diagram idajbi (Fig. 63) is that of an explosion engine ; t is the tem- 
perature at conmiencement and d that at the end of compression ; the com- 
pression curve, if the change is considered as adiabatic, is the curve id, parallel 

* Clearly explained in the article by Prof. Meyer, Zeit, des Vtr. deutech, Ing.^ 1897, 
p. 1108. 
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to the ordinate. The combustion at constant volume is doi^ and ajbi is the 
adiabatic of expansion, and hjt that of exhaust. The heat used is tdc^hi 
and that expended odaiC^, The ratio between these two areas gives the 
eflB-ciency. 

To construct the diagram for the cycle it constant pressure, commencing 
with the same conditions at the end of compression and expending the same 
quantity ^ heat, the curve tO remains that of compression, da^ is the com- 
bustion at constant pressure, a^^ is the expansion, and hj, the exhaust. 

If it is desired that the heat expended be the same for the two cycles 
the area oOayC^ should equal oOa^g, but, since otb^2f ^^^ he&t lost with the 
constant pressure cycle is greater than olbiCi (that lost with the explosion 
cycle), it is evident that /or efj^ual degrees of compressian the explosion cycle is 
superior to that at constant pressure. 

By taking advantage, as is done in practice, of the possibility offered 
by the Diesel engine of carrying compressions to much higher values than 
are used with explosion engines, the foregoing conclusion may be reversed. 
Considering the cycle at constant pressure td'a2b2, commencing at the end 
of compression with a temperature 6' greater than 0, since the heat expended 
is still od'a^c^ = oOa^^, = oda^Ci, whilst the heat lost is oth^c^, which is 
less than that lost with other cvcles, the contention is confirmed that the 
thermal efficiency of the constant pressure cycle is superior in practice to thai 
of the explosion cycle, since, in the former, compression can he carried to higher 
values. 

To examine with accuracy the thermo-dynamic values of the various 
cycles, recourse must be had to the entropy temperature diagrams ; more- 
over, it is a simple matter to convert the diagram of work as given by the 
indicator card into an entropy temperature diagram. The entropy of the 
gas is 



E 



= / Y = ^t, . log^ py* + const. 



Since the product pv is proportioilal to the absolute temperature, the 
values of this product may be taken to any given scale as ordinates of the 
diagram. 

If, then, the variations of entropy, instead of its absolute values, be taken, 
the constant of the equation may be eliminated and the entropy becomes : * 

E = logp p + h logg V. 

When the values obtained from this formula have been used to draw the 
diagram, the scale may be found by comparing the planimetered area of the 
diagram with the heat units used — always a known quantity — and by taking 
the ratio between any known temperature and that which corresponds to 
it in the diagram. The lowest temperature of the cycle can also be 
assumed as unity and all the others referred thereto.! 

To change a curve P =f(v) into the form T =/(E) by graphical methods, 
the procedure originated by Ancona+ and quoted by Schottler may be used. 



* If C2 remains a constant. 

t Schottler, Die Oasmachine, 4th edition, p. 273. 

J Ancona, Oraphiache Theorie der Otto-Gasmaschine. Verh. f. Grewerbfleiss, 1895, p. 334. 
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Let AB (Fig. 64) be the curve P =/(«), then by selecting, R as unit 
of temperature, ji^u = T is obtained, as already stated. By drawing from the 
points P of the curve horizontal lines which cut the vertical drawn from the 
abscissa 1, and drawing also from radii which cut in T the verticals let fall 
from the points P, a curve of points such as T will be obtained and will have 
absolute temperatures as ordinates. 

K the logarithmic curve log v =f{v) be now drawn and the ordinates be 
multiplied graphically by k, the curve klogv =f(v) will result. By regarding 
the natural logarithms of the pressures as negative ordinates, the vertical 
distance between the curve of these and k log v =f{v) will be - 

k log I' + log p = E, 

that is, the abscissse of the required cmve T =/(E).* 

In the construction of these complete diagrams, the following points 
should be borne in mind: — The cycle should be closed, the points of an 
adiabatic should all lie in a vertical line, and the horizontal distance between 
two constant volume curves or between two constant pressure curves is 
such that, having drawn one of these curves and a point on the other, it is 
not necessary to carry out all the construction to complete the diagram. 

Stodola has suggested a method for drawing any curve given a constant 
pressure and a constant volume line.f 

The heat units 9^ which are lost in the cycle of internal combustion 
engines are principally given to the cooling water, or are to be found in 
the exhaust gases. A mean figure for each of these losses, with heavy 
oil engines, is approximately 28 to 30 per cent, of the total heat 
of combustion of the fuel. Generally, with engines of a high piston sp^ed 
the greater loss is in the exhaust gases, since these have not had sufficient 
time to give up much of their heat to the cylinder jackets, and so they escape 
from the cyUnder at a relatively high temperature. On the other hand, 
with, slow-running engines, the greater loss is due to the heat given to the 
cooling water. Experimentally, it is easy to evaluate both of these losses, 
but it is useful sometimes to estimate the approximate values for each for 
a given engine, more especially if it is intended to use a portion of this lost 
heat for useful work (see p. 6). 

For the heat lost to the cooling water, Cava Hi + has proposed the followii% 
formula based upon the investigations of Fourier : — 

1 . i±i 
Yr_ R '^^-^T ^ R e - 1 
V-^- 1,000 "" r,,VDn~^ 

in which V,. is the heat dispersed in the water, V the calorific value of the 
fuel, p the coefficient which has a value of about 1*30, T<. the temperature 
of combustion, and 6 that of the water. R is the ratio between the diameter 
D of the cylinder and the stroke, n the number of revolutions per minute.. 
e and r)„ the ratio of compression and the volumetric efficiency respectively. 

* 

• Scho tiler, opus cit., p. 274. 

t Stodola, " Die Kreisprocesse der Gasmaachinen," Zeiisch. des Ver. deut. Ing., 1898, 
p. 1045. 

X Cavalli, Teoria del motore a acoppio (Napoli, 1911), p. 75. 



62 



LAND AND MABINB DIESEL ENGINES. 




o 
o 



s. 

II 

H 
o 

t 
6 

s 

M 

"^ 
II 



I 
i 



EFflGIENGIES. 63 

The calculation for the heat carried away by the exhaust gas is very 
simple. 

The heat lost is V, = Cp . G . T, in which Op is the specific heat of the 
exhaust gas (which is obtained from their chemical composition and is about 
0-24), T is their temperature, which varies from 550 to 750° C. absolute 
according to the type of engine, and G is the weight of the exhaust gases, 
which is merely the summation of the weight of suction air, fuel, and fuel 
injection air. 

In practice the effective thermal efficiency of Diesel engines is generally 
above 30 per cent, at full power. 

In fact, assuming 185 to 230 grammes (0-41 to 0-51 lb.) per B.H.P.-hour 
to be the limiting consumptions for large and small engines respectively, and 
that the fuel oil has a calorific value of about 10,000 calories (18,000 B.Th.U. 
per lb.), the total heat units 9^ given to the engine are always between the 
following values : — 

0-185 X 10,000 = 1,850 calories, 
and 0-230 x 10,000 = 2,300 calories. 

The heat units required per B.H.P.-hour are — 



whence 



9 = ^^2!^ "" ^^ calories (2,540 B.Th.U.), 
' 9i 1,850 or 2,300 



In Fig. 65 the consumptions per B.H.P. per hour of various types of heat 
prime movers are given, and it is clearly to be seen that the Diesel engine,, 
whether of the two- or four-cycle type, consumes a smaller number of heat 
units per B.H.P.-hour than any other prime mover, and for that reason has 
the highest thermal efficiency. 

The Volumetric Efficiency depends entirely upon the type of engine, 
the design of valve gear, piston speed, and the -openings of the valves or 
ports, but is independent of the thermo-dynamic transformations throughout 
the cycle. 

With four-cycle engines the volumetric efficiency r]„ is measured approxi- 
mately by the drop of pressure in the cylinder during the suction stroke : — 

'" 10,000 

Naturally the importance of -this drop of pressure is not to be attributed to 
the slight negative work produced by such depression (similar to that resulting 
from the exhaust stroke), but rather to the smaller quantity of combustion- 
supporting- air which is in the cy Under at the commencement of the com- 
pression stroke, and which is responsible for a lowering of the power developed 
•per unit of cylinder volume and per unit of time. 

In dealing with this question, it may be mentioned that the height of the 
engine above the sea level has an influence on the volumetric efficiency, and 
so upon the power which an engine of given dimensions is capable of 
developing (see p. 7). 
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Scavenging Efficiency. — ^The phase of scavenging with two-cycle engines 
is difficult to subject to a process of sufficiently simple, general and 
approximate calculation, which will serve any useful and practical purpose. 



[To face p. 64. 




p^^ tal Junkers Engines, each having 
H.P. at|110 revs, per min. 
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Scientific examinations of this rapid operation, of vital importance to 
the overall efficiency of the engine, are rarely met with in those well-known 
treatises, which for the most part were published before the tvv'o-sti'oke 
cycle engine had the decided industrial appUcation which it has to-day. 

Professor Meyer, in a treatise dealing with the methods to be applied to 
scientific research on scavenging,* proposes to assume a temperature of 15^ C, 
and a pressure of 1 kg. per square cm. (14*2 lbs. per square inch) as the normal 
conditions, and calls the scavenging efficiency the ratio between the pure 
air that remains in the cylinder at the conmiencement of the compression 
stroke (this air is some fraction of the total delivery of the scavenging pump) 
and the total contents of the cylinder at the same moment, which consists 
of a mixture of scavenging air and residual air and burnt gases — ^the two 
latter remaining from the previous combustion stroke. The efficiency of the 
charge is defined as the ratio between the amount of pure air in the cylinder 
at the commencement of compression and the total cylinder volume, whilst 
the useful scavenging effect is the ratio between this same amount of pure 
air and the total output of the scavenging pump. 

The values which may be assigned to these efficiencies for various types 
of engines are not known at present, and the above treatise of Professor Meyer 
is only to propose a method for research, which, on account of its scientific 
accuracy and simplicity, will no doubt receive in the near future ample 
treatment at the hands of experimenters. 



* P. Meyer, "Grundlagen fur die Untersuohung von Zweitaktmasohinen," Zeitach, 
des Ver, deut. Ing., 6th Ootober, 1912, No. 40. 
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CHAPTER VI. 

THE CALCULATION OF CYLINDER DHHENSIONS. 

The problem connected with the determination of the cylinder diameter and 
piston stroke, for a given engine power, is always somewhat uncertain on 
account of the coefficients, depending upon current practice and experimental 
results which enter into the calculation, and owing to the necessity of making 
a priori certain assumptions of primary importance. 
In the formula 

75Ne = 10,000.?y«.-.p^.— ^- . -^, . . . (1) 

77in is the mechanical efficiency of the engine, j)^ the mean pressure of the 
indicator diagram, D and S are the diameter and stroke of the piston respec- 
tively, n the number of revolutions per minute, and v the number of strokes 
required to complete the cycle. 

All the dimensions are in metres and the pressures in kgs. per sq. cm. 

Taking for four-cycle engines v = 4 and grouping the constants, the 
formula becomes 

N, = 0-872 . ?y„ . p„ . D^ n . S, . . . (2) 

or, making v = 2 and grouping the constants in the same way for two-cycle 
engines, the equation is 

Ne = 1-743. ?y«.p«.D*.n.S. . . . (3) 

Values for rj^n and p^ are assigned as a result of experience with the 
type of engine under consideration, and, naturally, the greater that experience 
the nearer the approximation. 

In order to solve the equation, as is usually done, in terms of the cylinder 
diameter D, values must be given to the number of revolutions per min. n 
and the piston stroke S. 

Instead of fixing separately the number of revolutions per min. and the 

stroke of the engine, a mean piston speed ' ' for a given speed of 

revolution may be taken, or a given stroke bore ratio and an assumed 
value for one of the other quantities, such as the revolutions or piston 
speed, may be proposed for solving the equation. 

Generally several trials are made, varying the values of n and S and the 
results of the substitution compared with existing data of similar engines. 

The number of revolutions is often one of the specified factors, and when 
not given, is always approximately indicated by the type of engine (fast or 
slow-running, marine or stationary, for continuous or intermittent-running, 
etc.), as well as from its power, and whether two- or four-stroke cycle. 
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From the formula (1), p. 66, it is seen that the power of the engine is 
proportional, within practical limits, to the speed of revolution. It is not 
true, however, that an engine of 100 B.H.P. at 200 revolutions per minute 
will develop 200 B.H.P. at 400 revolutions per minute ; the increasing speed 
of revolution gives a more imperfect indicator diagram, the higher speeds of 
suction or scavenging air diminish the volumetric efficiency, Qie back pres- 
sures are greater, the friction increases, and, due to the increased speed, the 
time allotted to any given phase is shorter. This latter consideration makes 
for inefficiency, since certain factors, such as the speed of the suction air, 
depending only upon differences of pressure, do not increase in proportion to 
the increased speed of revolution. Before commencing the design of an 
engine, the speed of revolution must, of course, be known, and the fact that 
the efficiency diminishes with high-speed engines as compared with those of 
lower speed must be taken into consideration. 

Greater importance than is necessary is sometimes given to the 

. S 
values of the stroke-bore ratio j^. From the thermal standpoint, this ratio 

only affects the ratio of the surface of the cooled walls of the cylinder to the 
volume of the same. 

Research up to date gives information regarding the minimum surface 
for dispersing the necessary percentage of the heat of combustion, and whilst 
this data should not be neglected, its importance must not be exaggerated 

to the exclusion of more important considerations.* 

g 

From the point of view of construction, the ratio jz influences the height 
of the combustion chamber. 

Short strokes necessitate, for equal compressions, smaller clearances 
between the head of the cylinder and the crown of the piston at the top 

* The research oarried out by Cavalli {Moiori a Scoppto, Naples, 1911, p. 58) gives 
the formula 

D -'.+ 1/' 

a 

which for engines using high compression, approaches too nearly to the value ^^ = 2, 

and would give an excessive piston speed to high-powered or high-speed engines. 

The value of this formula is negatived by the fact that Cavalli in his calculations 
only allowed for the time during which the various internal surfaces of the cylinder 
were in contact with the gases, and not for the various mean temperatures of the gas 
oorresponding to the various points of the stroke. 

Moreover, identical conditions are assumed for the cylinder and piston crowns. This 
is far from beine; the case, especially with air-cooled piston^. 

Prof. Belluzzo (*' Notes on Internal Combustion Engines," Induatria, 1911-12), in 
a similar research carried out on a more practical basis, assigns coefficients to the various 
heat dispersing surfaces, which, although not depending solely upon general calculation, 
fluooeed in approaching more closely to the* actual values than do those of Cavalli. 

Belluzzo arrives at the formula 

^ - K»' 

in which K is the coefficient in the formula, N^ = K . D* . S • n, dealt with in this chapter 
(p. 70). 

Results from this formula approximate sufficiently nearly to the values of S used 
in practice. 
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dead centre ; with high compressions this may cause difficulty in the design 
in order to obtain the required clearance with a suitable arrangement and 
lift of the valves ; moreover, small differences in this height, due to inexact 
workmanship, would have an appreciable influence on the final compression 
pressure. 

The piston speed is of primary practical importance, and although satis- 
factory theoretical explanations to justify this fact are lacking, it may be 
stated that there is a speed which gives, in practice, the best results for every 
type of engine. In general, the highest efficiency is obtained with the lowest 
piston speeds ; this statement is not absolutely exact, and the same speed 
cannot be assigned to engines of greatly varying power. The mean- speed 
of the piston alwa3rs increases with the power, although the greater the 
power of the engine the lower the speed of revolution, in order to avoid 

obviously disproportionate values for the ratio =r. 

The inertia forces are, of course, dependent upon the piston speed. 
For stationary Diesel engines the following values may be substituted 
in the general formula, as representing usual practice : — 

r]„ = 0*75 to 0*8 for slow-running four-cycle engines. 

= about 0*7 for high-speed four-cycle engines. 

= about 0-7 for slow-running two-cycle engines. 
p,„ = 6-5 to 7 kgs. cm.* (92 to 100 lbs. per square inch) at normal 
loads, according to the type of engine and its speed of revo- 
lution ; this value permits of a temporary overload of 20 per 
cent. The value of p^ can be better estimated by means 
of the rules laid down in the preceding chapter for the theo- 
retical diagram by fixing the duration of combustion, and 
introducing a coefficient to allow for the imperfections of the 
indicator diagram obtained in practice. 

2 71 S 
V = --f(F~ = 3 metres (9*85 feet) per second for land engines of 

small and medium power, up to 4 metres (13*2 feet) per 
second for the largest powers in use ; for high-speed engines 
3'5 to 4*5 metres (11 -5 to 14*75 feet) per second or even more 
is used, 
n = 250 to 150 revolutions per minute for small to high powers 
for land engines. 
= 375 to 250 revolutions per minute for small to high powers 
with high-speed engines. 

Examples. — ^The examples which follow are from recent land engines of 
well-known firms, and serve to help in the choice of values for the coefficients* 

(1) Faur-cyde Diesel Engine of 25 B,H.P, n = 220. 
Putting t; = about 3 metres (9-85 feet) per second, 

then S = ^ = ^^JL^ and S = about 0-409. 

n 220 

And so S = say 0-40 m. 
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Then N, = 25 = 0-872 . ly^ . p^ . D« . 220 x 0-40, 

».e., 25 = 76-73 .rj^.p^. BK 

Substituting ?7„, = 0-75, and p^ = 6-9 kg. cm.* (98 lbs. per sq. inch), 



then 
and 



OR 

25 = about 397 D*, D» = ^^^ = 0-063 m.«, 
D = about 0-25 m. 



Thus, for 25 B.H.P. at 220 revolutions per minute, with a possible overload 
capacity of 20 per cent., the engine cylinder should have the following 
dimensions : — 

D = 250 nun. and S = 400 mm. . . . (L.W.) 

(2) Faur-ctfde Diesel Engine 50 B.H.P. per cylinder, n = 190. 
In this case use 



and from 



V = about 3-20 metres (10-5 feet) per second, 
g _ 30 X 3-20 



190 

S = about 0-51 metre, 

N, = 50 = 0-872 . Tj^. p« . DM90 X 0-51, 

50 = about 84 .?/„,. Pa, . D*. 

fjm = about 0-76 and p^ = about 6-9 kg. cm.* 

(98 lbs. per square inch) 

D" = about 0-114 m.* and D = about 0-34 m. 

This cylinder, therefore, has 

D = 340 mm. and S == 510 mm. . . (Sulzer) 



is obtained 

and 

and 

Substituting 

gives 



(3) Four-cyde Diesd Engine 100 B.H.P. per Cylinder, n = 165. 

V = about 3-70 metres (12-1 feet) per second. 
S = 0-675 m. 

N, = 100 = 0-872 . ri^ . p« . DM65 x 0-675. 
By substituting ?;„ = 0-76 and p^ = 6-7 kgs. per cm.* (95 lbs. per sq. inch) 
18 obtained D = 0-45 m., 

and so D = 450 mm. and S = 675 mm. • . . (Tosi) 

(4) Four-cycle Diesel Engine 150 B.H.P. per Cylinder, n = 155. 
For this relatively high power 

V should be about 4 metres (13*1 feet) per second* 

= — = ,gg = 0-775 m. 
n 155 



assuming 
and so 
Substituting 



then 



S = 780 mm., 

N, = 150 = 0-872 . ??« . p« . D^ 155 x 0-78. 
Vm = 0*78 and p^ = 6-7 kgs. per cm.* (95 lbs. per sq. inch) 
150 = 0-872 X 0-78 x 6-7 . DM55 x 0-78 
D* = 0-272 m.* and D = about 0-520 m. 

D = 520 mm. and S = 780 mm. . . . (M.A.N.) 
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(5) Four-cyde Highspeed Diesel Engine of 40 B.H.P. per Cylinder, 
n = 375. 

Putting V = 3'75 metres (12*3 feet) per second 

S = 300 mm. is obtained. 
Whence N^ = 40 = 0-872 . ??„ . p« . D« . 375 x 0-30. 

By substituting ?;„, = 0-7 and p^, = 7 kgs. cm.* (100 lbs. per square inch) 

N, = 40 = 0-872 X 0-70 x 7 . D* . 375 x 0-30, 
D* = 0-0832 m.*, D = 0-288 m., say 0-29 m. 
From this follows D = 290 nam. and S = 300 mm. 

In this case it Lb to be noted that, in order to keep the piston speed within 

g 

limits, the usual value of =r is departed from. 

(6) Two-cycle Engine of 250 B.H.P. fer Cylinder at 157 Bevclutione per 
Minute (for the direct drive of an alternator with a periodicity of 42). 

Putting V = about 3*75 m. (12-3 feet) per sec, 

S = ^^^4^^ = 0-717 m. = about 0-720 m. 

N, = 250 = 1-743 . fj^ . p„. . D* . 157 x 0-72. 
Substituting ly^ = 0-72 and Pm = 7 kgs. cm.* (100 lbs. per square inch), 

D* = about 0-25 m.* and D = 0-50 m., 
and so D = 500 mm., S = 720 mm (Su'lzer) 

(7) Two-cyde Two-cylinder Horizontal Engine, giving 750 BM.P, at 160 
Revoluliona per Minute. 

With v = 4 metres (13-1 feet) per sec. 

S = ^52ii = 0-80 metres 
lou 

N, = 375 = 1-743 . ly^ . p„ . D* x 150 x 0-80. 
Substituting rj„ = about 0-72 and p,„ = 6-5 kgs. per cm.* (93 lbs. persq. inch) 

D = about 0-42 m. 
then D = 420 mm. and S = 800 mm. . . . (M.A.N.) 

To calculate for a first approximation, a constant mean value may be 
assigned to the product of tim -Tmy ai^d this product included with the other 
constants in a new constant E, thus : — 

Ne = K . D* . S . «, 

in which the value K * in usual cases of land engines is 

K = 4-5 to 4-6 for four-cycle engines, 
and K = 8-4 to 8-8 for two-cycle engines. 



* This is the formula and the value of K already quoted in the note, p. 67. 
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For marine engines the values of pj^, rj^, n, and t; to be substituted in the ^ 
two formulae, 

J N« = 0-872 . ?ya» . p„^ . D^ . n . S f or four-cycle engines, 

and Ng = 1'74:3 . ^w . 3e)« . D* . n . S for those working on the two- 
cycle principle, which vary between wider limits than 
those given for land engines, 
are : — 

(? = ' ' — = 3 to 4 metres (9-85 to 13'1 feet) per second for small 

to large slow-speed engines ; 

3*50 to 5 or*even up to 6 metres (11-5 to 164 or even 19*7 
feet) per second for high and very high-speed engines, according 
to their power. 
/ n = 90 to 150 for heavy engines of cargo boats ; 

150 to 250 for engines of the same type of small power ; 

300 to 500 in high-speed and light engines, such as those suitable 

for submarines ; 
400 to 600 in small engines for launches and the like. 
rjfn ^^s the values already stated for land engines — i.e., 0-75 to 0*80 
for four-cycle slow-nmning engines ; about 0*7 for high-speed 
four-cycle engines and for two-cycle engines ; about 0-65 for 
high-speed two-cycle engines. 
Pjn = 6*5 to 7 kgs. cm.* (92 to 100 lbs. per square inch), but certain 
types of light engines, which are run at their limit of power, 
have higher mean pressures than given, whilst those for cargo 
boats, intended for long non-stop runs, work at lower mean 
effective pressures. 

The value of the product of rj^ - Pmt which may be said almost to be 
characteristic of the engine, should be : — 

5*6 to 5 for small to large cylinders of slow-running four-cycle engines. 
4*8 to 4 for slow-running two-cycle engines. 
5-5 to 4-5 for high-speed four-cycle engines. 
4*5 to 4 for high-speed two-cycle engines. 

The figures given above, it will be seen, show a wide variation. (They 
are collected from some thirty different engines.) In addition to being 
affected by the power and speed of revolution, this variation depends, i&rstly, 
on the fact that in some designs a greater margin for overload is allowed 
than in others ; secondly, that in cargo boats and all ships having to make 
long voyages with absolute rehability, the engine is made large (i.e., the 
specific power of the cylinder volume is kept low) ; and thirdly, because the 
power of an engine is frequently stated^-in round numbers, either above or 
below the actual figure, by a considerable percentage. 

Engine makers sometimes use the same patterns in the foundry for 
engines of slightly different powers, varying the number of cylinders, the 
piston stroke or the revolutions, and this leads to differences in efficiency 
or of the mean effective pressure. 

Some makers prefer the policy of allowing a margin, so that an engine 
developing, say, 600 B.H.P. on trial is called a 500 B.H.P. engine. Others, 
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for commercial consideratioDB, construct engines without any margin of 
power, and, in consequence, their full power is only developed on trial, 
when the engine is running under the most favourable conditions. 

In practice, it is generally known that the main characteristic of an 
engine — ^its power — ^is to some extent a matter of opinion, with marine engines 



Maker of Engine. 



Ix>w -Speed Fouk-Cyclb Engines — 

Burmeister & Wain, Copenhagen, 
Lad. Nobel, Petrograd, . 
Werkspoor, Amsterdam, . 



>» 



ft 



Low-Speed Two-Cycle Engines — 

Reiherstieg, Hamburg, . 

Fiat, Turin, .... 
Tecklenborg, Bremerhaven, 
Carels, Ghent, 
Biobardson, Westgarth, 

Middlesbrough and Caiels. 
Gebr. Sulzer, Winterthur, 

A. G. Weser, Bremen, & Junker, 
Franco Tosi, Legnano, 
Gebr. Sulzer, Winterthur, 



High-Speed Foint-C\xLB Enoinbs- 



Lud. Nobel, Petrograd, 
M.A.N., Augsburg, . 
Sabath^, St. Etienne, 
Act. Diesel, Stockholm, 
Normand, Havre, . 
M.A.N., Augsburg, . 
Gebr. Korting, Hanover, 



High-Speed Two-Cycle Engines — 



Gebr. Korting, Hanover, 
M.A.N., Numberg, . 
Gebr. Sulzer, Winterthur, 
M.A.N., Numberg, . 
Gebr. Sulzer, Winterthur, 
Fiat, Turin, . 
M.A.N., Numbeig, . 



Built for 



East Asiatic Co. 

Nobel Bros. 

Ihitch Indies Tank Ship Co. 

Sonda Islands Co. 



German- American Petroleum 
Co. 



t( 



Hansa," Bremen. 



Fumess, Withy & Co. 

Hamburg South America 

Line. 
Hamburg-America Line. 
Italian Navy. 
Sansone Forli, Ravenna. 



Russian Navy. 
German Navy. 
French Navy. 

French Navy. 



German Navy. 
Russian Navy 
Italian Navy, 

Italian Navy 



Niime of Ship. 



" Selandia." 
" Robert Nobel." 
" Vulcanus." 
•* Sembilan," 



'Excelsior." 

" Rolandseck." 
" Eavestone." 



(i 



Monte Penedo." 



'* Romagna." 



Submarine. 



Submarine. 



f > 
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even more than with land engines. The latter are of a more constant type, 
and in them certain dimensions are nowadays ahnost stereotyped. 

In view of these considerations, the following table gives numerous 
examples of cylinder volumes and revolutions of marine engines, classified 
according to the speed of revolution and to the cycle of operation : — 




1,800 

1,000 

1,600 

900 

800 

800 

800 
600 
310 



600 
860 
500 
460 
420 
100 
100 



860 
860 
330 
100 
100 
100 
100 



Number , B.H.P. 
of ' of each 
Cyllnden. ; Cylinder. 

1 _ _ 



D 

In mm. 



8 
4 
6 
3 



6 

4 
6 

4 
4 



X 3 
4 
4 



4 
6 
6 
6 
6 
6 
6 



6 
8 
6 
4 

4 
4 
4 



126 

100 

84 

70 



300 

260 
260 
225 
200 

200 

133 
125 

78 



150 
142 

83 

76 

70 

16-5 

16-6 



142 
106 
66 
25 
25 
25 
25 



530 
460 
400 
400 



S 
In mm. 

'^\- n^ \^o 



600 

560 
510 
460 
508 

470 



460 
400 
360 
350 
330 
165 
190 



650 
510 
600 
500 



1,100 

800 
920 
560 
914 

680 



400 


2 X 400 


400 


660 


310 


460 



510 
400 
350 
360 
360 
250 
240 



n I 



140 
215 
180 
200 



90 

150 
130 
260 
100 

160 

120 
170 
225 





8-0 
3-65 
3-60 
335 

1 






5-60 
515 
5*50 
5-0 



3-25 

4*0 
4-0 
4-65 
3-05 

3-60 

2 X 1-60 
3-70 
3-45 



I 



4*80 

40 
4-65 
4-60 
4*8 

4*8 

50 

410 

4-60 



310 


5-30 


5*35 


450 


6 


5*56 


400 


4-70 


5-60 


400 


4-70 


5*30 


400 


4-80 


510 


600 


6-0 


4t46 


600 


40 


4-35 



350 


350 


425 


50 


4-4 


300 


340 


450 


510 


4-4 


230 


280 


500 


4-65 


4*3 


180 


300 


360 


3-50 


4-25 


180 


260 


390 


3-25 


1 4-5 


170 


220 


500 


3-70 


4-5 


175 


200 


600 

1 


40 


3-9 



PART II. 



CHAPTER VII. 



BED PLATES, CRANK CASES, ENGINE FRABQNG, 
CYLINDERS. 

Bed PIsles of Stationary ita^es.— The bed plate is attached to the founda- 
doD or engine Beating, contains the main bearings of the crank shaft, and 
provides for the attachment of the crank case or engine columns (Fig. 66). 
The bed plate is secured to the foundation by the usual holding-down bolt^, 
and to the columns or crank case, by strong studs, which hold the carefully 
machined surfaces together. The bed pUte and crank case are rarely cast 
in one piece, and then only for the very smallest powers. 

Generally, the bed plate is of cast iron, though sometimes, with high- 
speed and bght engines, it is of cast steel or bronze. It is cast in one piece> 



Fig. 66.— Bod Plate of Bmall Sutionary Engine. 

even in the case of multi-cyhnder engines. Only in units of six or eight 
cylinders of high power is the engine divided in two halves, between which 
the flywheel is sometimes placed, ^\^en the bed plate is in more than one 
piece, it is bolted together with fitted bolts, and a key is fitted for ensuring 
alignment. This costly practice is only adopted when the dimensions of the 
bed plate are auch as to give rise to excessive difficulties in the foundry, when 
the available planing machines are not sufficiently large, or when the question 
of transport may present difficulties. 

Figs. 67 and 68 show a bed plate for a single cylinder normal speed engine ; 
the two main bearings have bushes of cast iron lined with white metal, and 
automatic lubrication by means of rings. One of these bearings appears 
to be longer than the other, owing to the bushes being divided by the heUcal 
gearmg for driving the intermediate vertical shaft, which at its upper end 
serves to rotate the cam shaft. The gearing and the footstep bearing 
supporting the vertical shaft work in the same bath of oil as the main 
bearing lubricating rings (see Fig, 69). 
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Bed plates for multi-cylinder engines are similar to those shown in Figa. 
67 and 68, and have one bearing divided for the spiral gearing, and as many- 
more similar to that shown in section (Fig. 68) as there are cylinders. 
The oil reservoirs of the various main bearings are in communication with 
one another through a pipe a (Figs. 67 and 68), and also with a gauge 



Fig! ST. — CroHs-sectioD of Bed PUt« for 8iDgle-o;f Under Engine. 

glass c. Aool^er pipe e connects the crank pits and serves also to diam 
off the oil. The oil which lubricates the bearings may, after being filtered, 
be used again with the addition of fresh oil. Any oil which falls from 
the piston is to a great extent burnt, and has a bad eSect tq)on the 
lubricating oil. 



Fig. 68, — -Bod Plate and Bearings for Single -oyltniler EIngiue. 

High-speed stationary engines have bed plates similar to those for high- 
speed marine engines, to be described later. They are lighter tlian those 
of slow-running engines, uauaUy of stronger material, have forced lubrication 
for their bearings, and sometimes have water circulation under the bottom 
main bearing; brass, and less frequently in the main bearing cap. 
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No rule can be given for the calculation of bed plates ; in each case alter 
the section has been determined, the stresses can be calculated, and it can 
be judged whether the strength of the design is sufficient.* The stresses in 
this part should always be kept very low. 

Bed Plates of Marine Engiiiefr— Thrust Bloeks.— With marine engines 
the seating consists of the engine bearers, which are two stifi longitudinal 
beams of hollow section built up of plates and angle irons. To them the 




Fig. 70. — Croes-section of Bed Plate of Gennaniawerft Mercantile Marine Engine. 

bed plate is secured with numerous bolts, chocks of teak or other suitable 
material being frequently fitted between the bed plate and the bearers. 

The bed plates of high-powered engines are divided into two or three 
sections jointed together with flanges ; they are of cast iron in heavy slow- 
running engines, of cast steel in other types, or even of high tensile bronze 
when extreme lightness is required. 

Figs. 70 (Germaniawerft) and 71 (Junkers) represent the transverse 




Fig. 71. — CroBS'Section of Bed Plate of Junkers Mercantile Marine Engine. 

sections of two bed plates for mercantile marine engines. They consist of 
a framework of beams of hollow section intersected by the cross-girders, 
abo of hollow rectangular section, carrying the main bearings. The crank 
pits are formed between the longitudinal and transverse beams. 



* Some examples of these caloulations may be fomid in ** The Design and Cbnstraction 
of Internal Combustion Engines," Guldner, p. 250, et seg. 
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Figs. 72 to 76 represent transverse sections ol bed plates for high-speed 
engines. 

Instead of the rectangular feet on the bed plate carrying the columns 
of the slow-running engine, this type has two machined faces running the 
full length of the bed plate, upon which the crajik case, common to fdl the 
cylinders, is bolted. Figs. 72 and 73 show respectively the Sabathe and 
Nobel types of bed plates, and the latter has a number of feet for attaching 
it to the engine bearers, instead of the usual flange running fore and aft. 
Fig. 74 gives the deep and strong type adopted by the M.A.N., and the one 
shown in Fig. 75 — the Sulzer type— is fitted with through bolts of forged 
steel, connecting the cylinders to the bed plate and-thua removing the tension 
strains from the ciank case or engine framing. 

Almost all bed plates cany the main "bearings immediately on each 




Fig. 74. Fig. 76, 

Figs. 72 to 75.— Typical Crow-sections of B«d PUles of High-speed Engines. 

side of each crank, and these bearings have bushes of cast iron, bronze 
<it cast steel, lined with white metal. In slow-running engines, lubrication 
is by drip feed or rings, whilst for high speeds forced tufaiication is general. 
A system of forced lubrication gives the best results without necessitating 
a large consumption of lubricating oil, and is sometimes adopted even for 
the engines of cargo boate. 

With such, however, it is necessary completely to enclose the cranks 
and connecting-rods in a casing, to prevent the oil being thrown out and 
wasted. With an enclosed engine the bearings cannot readily be felt whilst 
die engine is running. Forced lubrication, however, greatly reduces the 
probability of hot bearings. 
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The oil which escapes from the bearings subject to the lubricating oil 
pressure is collected in a sump at the bottom of the bed plate, where it is 
cooled by coils for watei 
circulation in the sump 
(Fig. 7&), or the sump 
itself may be externally 
water-cooled (Fig. 76). 

The main bearings 
themselves in high-speed 
and light engines are often 
cooled by water circulation 
in the bed plate under the 
lower bearing bush (Figs. 
77 and 78, Fiat), and 
sometimes also through 
the bearing cap. 

Thrust Bkwks.— In all 
marine engines, provision 
must be made to take the 
axial thrust of the propeller 
shaft abaft the crank shaft 
of the engine. 

The propeller in revolv- 
ing forces the water astern, 
and by reaction tends to 
thrust the shafting forward 
through its bearings. This 





Fi^. 77 and 78.~-Fut Sjatem of Cooling Main Bearings by Water Circulation 
in Bed Plate. 
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axial load, to which the shafting is subjected, is additional to the torsion, 
and necessitates a thrust block abaft the crank shaft. 

The thrust block may be incorporated with the bed plate, in which case 
the aftermost bearing is lengthened and fitted with thrust collars (Figs. 79 
and 80, Sulzer). 

Generally it is independent and separately secured to the ship's framing 
(Fig. 81). 

With the first construction, sometimes adopted for small engines, the 
axial thrust is taken of! the cranks, but the whole engine tends to slide forward 
on its seating, whilst with the second, preferable in high-power engines, no 
thrust is transmitted to any part of the engine framing. 

For small powers Penn bearings, with fixed thrust rings, may be used ; 
for large engines the Maudslay system, with adjustable shoes, is generally 
adopted, in which the thrust collars are not covered, and are alwa}'8 accessible 
to tiie hand when running (Fig. 81). 

The thrust block ought only to be subject to the axial thrust, and not 
to the weight of the shaft. For this reason it is always placed close to the 
after crank-shaft bearing or a plummer block ; of it may be cast in one 
piece with one or two plununer blocks. 

The FranaJng of Stadonary Engines. — ^The casting carrying the cylinders 
is secured to the bed plate with bolts or studs ; in normal-speed land 
engines the cylinder and frame are almost always cast in one piece, with 
a separate liner, free to expand longitudinally (Figs. 82 to 86). 

The joint between these castings and the bed plate should be carefully 
machined and then hand-scraped during erection, to ensure that the cylinders 
are truly perpendicular to the crank shaft and that the clearance space 
between piston and cylinder head is correct. 

A dowel pin screwed into the bed plate to fit exactly into the hole b 
(Fig. 85) guarantees that the centre line of the frame shall coincide with that 
of the crank ; this makes fitted bolts unnecessary. 

The legs of the frame may be of hollow section (Fig. 87) or open with 
longitudinal ribs (a. Figs. 84 and 86), either one in the middle or one on each 
side. If the compressor is mounted at the back of the cylinder, an aperture 
is provided for the balance lever, diiving the compressor through links from 
the main engine connecting-rod (Fig. 87). In some designs two apertures are 
provided in the legs similar to that for the balance lever of the compressor, 
to facilitate the examination and refit of the top end of the connecting-rod. 

Holes (c in Figs; 85 and 86), fitted with bronze bushes, serve for the two 
bearings of the fulcrum shaft of the indicator driving lever, actuated by 
links and levers from a reciprocating part of the engine. Generally the small 
pump for lubricating the piston and the top end bearing is driven from the 
same fulcrum shaft as the indicator lever. 

The lubrication of the piston is effected by forcing oil through a ring of 
copper piping, from which it enters the cylinder through four nipples wnich 
are screwed into the latter with packed glands to prevent leakage of water 
where they pass through the jacket (Fig. 149, p. 114). The nipples may be 
disposed at 90° to one another, and 45° to the axis of the shaft, or, since 
the working surfaces of the cyhnder walls are those at the front and back, 
instead of being equidistant from one another, they may be closer to the 
transverse centre line of the cylinder. The open ends of the nipples should 
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FigB. 79 and 80.— ThruW Block inoorpomtod in Bed Plate Cuthig (Snlier Engine). 



Fig. SI. — Example of selNUate Thmst Block. 




Figs. 82 and S3. Fig. S6; 

FigB. 82 to Se. — £siuupla of Fnining of Stationai; Vertical Engine. 
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be covered by the piston at all points of the stroke, and be placed near 
the position occupied by the top spring ring when the piston is at the bottom 
of its stroke. 

In two-cycle engines these oil nipples are below the exhaust ports, although 
in some large units, for greater precaution, two series are provided, Xme 
immediately above, and the other inmiediately below, the exhaust ports. 

The oil for the gudgeon pin enters through the hole e (Fig. 85), and is 




Fig. 86. — Hollow-Seotion Framing of Stationaiy Engine. 

collected by a groove in the piston, as described later when dealing with this 
part. 

The bracket d (Figs. 85 and 86) serves as a support for the platform, 
which extends along &e whole front, and sometimes along the back, of the 
engine. 

When the compressor is placed on the supporting bracket this is fitted 
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with a shoulder or with a dowel pin, to fix its position with the exactitude 
required by the small cylinder clearance spaces. The position of the brackets 
supporting the distributing or cam shaft, usually bolted to the frame, is 
also fixed in a similar manner. For simplicity of design some constructors 
carry these supporting brackets on the cylinder head, although this practice 
leads to further complications when dismantling (at all times rather a trouble- 
some operation on account of the large number of pipes, etc., attached to the 
head). The removal of the head, when the bearing brackets are attached 
thereto, necessitates the taking away of the helical gearing and the cam 




Fig. 87. — ^Framing for Stationaiy Engine with Compressor worked by Levers from 

Connecting-rod. 

shaftj'^entailing a great deal of imnecessary work, especially when, in a 
multi -cylinder engine, it is desired only to remove one head. 

The upper part of the frame is made considerably thicker than the 
remainder, to take the large studs for securing the cylinder head. 

With a solid circumferential flange which eliminates the cooling efiect 
of the water-jacket, the combustion chamber is kept hotter. In designs 
where the flange is not solid, as in Figs. 83 and 86, the lightening pockets 
open from the top, and they are not accessible for water, thus having the 
same effect of keeping the combustion chamber hotter. 
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The circulating water leaving the cylinder jacket generally passes through 
a short pipe to the cyUnder head, so that the latter receives the water already 
slightly warmed * (Fig. 86). 

Fig. 88 represents the frame for a two-cycle engine with valve scavenging, 
showing the annular exhaust passage cast with double walls for the cooling 
water-jacket. 




Fig. 88. — Frame and Cylinder of Two-cycle Vertical Stationary Diesel Engine with 

Valve Scavenging. 



* In gas engines the head and the cylinder generally have two independent circulating 
water leads, but when, as is sometimes the case, there is only one lead, the water enters 
the head and passes to the cylinder jacket — i.e., in the opposite direction to that which 
has been described for Diesel engines. 

The reason for this is the necessity of keeping the combustion chamber of a gas engine 
as cold as possible, in order to be able to obtain a very high compression without danger 
of pre-ignition. In Diesel engines this danger does not exist. On the contrary, it is neces- 
sary that, at the end of the compression stroke of the Diesel cycle, the temperature of 
the air in the cylinder should be sufficiently high to insure the spontaneous ignition of 
the fuel. 

And so, if it be assumed that for both types of engines the most suitable temperature 
for the cooling water in the cylinder jacket is the same, with Diesel engines the use of water 
of a higher temperature in the heaid gives an economy of water as compared with ,gas 
engines, even neglecting the water for the gas generator and scrubber. 
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The exhaust bars have a hole drilled or cored through them for water 
cooling — ^Dot shown in the diagram. 

High-speed engines usually have light crank cases (in one piece even 
for multi-cylinder engines), to which the cylinder and generally also the 
compressor are bolted. This type of framing has been recently adopted 
for land engines (G.M.A., Neederlandsche, etc.), as has also the type in 




Fig. 89. • 




Fig. 90. 

Figs. 89 and 90. — Bed Plate, Framing, and Cylinders of Horizontal Four-cycle 

Twin-cylinder M.A.N. Engine. 

which the framing is cast solid with the cylinder-jacket (G.M.A., Sabathe, 
etc.). This latter type will be described when dealing with marine engines. 

In the case of horizontal engines, the bed plate and the frame are olten 
cast in one piece. 
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Figs. 89, 90, and 91 show the bed plates of two M.A.N, engines of this 
type, the one working on the f oxur- and the other on the two-stroke cycle, 

both being twin-cylinder engines. 

The frames are similar to those 
for gas engines, excepting for their 
greater strength and the brackets 
and facings for the various parts 
pecuUar to the Diesel engine — e.gr., 
air compressor, fuel injection 
pump, and, in two-cycle engines, 
the scavenging pump. 

The cylinder lubrication is 
effected through a single nipple 
placed on the top centre line of 
the cylinder, where it is always 
covered by the piston. The oil 
tends to run down, the walls of 
the cylinder, and is spread by the 
piston over the whole of the 
working surfaces. 

The cooling water enters at 
the bottom close to the cylinder 
head, and is discharged at the 
outer end of the jacket at the top. 

In large single- and double- 
acting engines the cylinder and its 
liner are sometimes cast in one 
piece separate from the frame. 

The holes which are seen on the 
legs of the frame serve for the air 
suction, and the hollow^ interior 
acts as an air chamber and 
silencer. 

The diaphragm (I in Fig. 89) 
prevents the dirty oil which drains 
from the piston from mixing with 
that flowing from the main and 
crank-pin bearings. 

Framing of Marine Engines. — 
In marine Diesel engines examples 
are found of independent frames 
for each cylinder, and of crank 
cases in one or more pieces for the 
whole engine. 

The crank case form of 
framing is specially suitable for 
high-speed engines, and may be 
of cast iron, cast steel, or some- 
times of high tensile bronze. 
Generally, the cylinders and the compressor are attached to it by flanges. 
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with machined spigots for insuring their alignment, but examples are to be 
found where the dimensions of the eiigine or the capacity of the foundry 
permit of the cylinder jackets being cast in one piece with the crank case. 
The latter is strengthened by transverse ribs of rectangular or T section 
(Fig. 92), or by other methods of reinforcement according to the requirements 
of the particular case, and more especiaUy to the form of cylinder and the 
method of its attachment. 

Large inspection doors, opposite each crank, permit of the examination 
of the moving parts,* and of the expeditious carrying out of the small repairs 
and adjustments to the main bearing and crank-pin brasses. 

To make possible the removal of the crank shaft without dismantling 
the whole engine, and to facilitate the work of refitting and examination, 
the crank case may have one side constructed so as to be readily removable, 
as shown in Fig. 93, representing a Sabath6 engine. A similar construction 
is adopted for some engines built by the MA.N. Augsberg, Nobel, Kolomna, 
etc. ; the torpedo boat engine type of framing is sometimes met with in which 




Fig. 92. — Crank Case Form of Marine Engine Framing with Transverse Ribs. 

the cylinders are connected to the bed plate by forged steel columns, stifiened 
with diagonal stays (Sulzer, Figs. 79 and 80, Polar four-cycle, etc.). 

Large engines are very similar, as regards the type of framing, to marine 
steam engines in which every cylinder is carried by two or three columns of 
cast iron or cast steel, which m turn carry the guides for the crosshead. This 
system is now almost universally adopted for Diesel engines of large powers 
(Fig. 94, Carels, Reiherstieg). 

Figs. 95 to 99 (Plate V.) show the engine framing of the M.V. " Monte 
Penedo " (Sulzer). Through bolts of forged steel connect the bed plate to the 
cylinder heads. The columns and the cylinder itself are in this way relieved 



* If the engine is fitted with foroed Inbrication, the doors cannot be opened while 
the engine is running, owing to the large quantity of oil which would be thrown out by 
the moving parts. 
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of all tension stresses consequent upon the piston loads, and serve only to 
absorb the lateral forces and to give stiffness to the engine. In way of the 
through bolts (which in this case number 2n + 2, where n is the number of 
the cylinders) the cylinder heads and the columns are bolted together with 
flanges, so that the whole engine forms a rigid and compact structure. 

In some four-cycle marine engines, frames identical in type with those 
for stationary engines are adopted, as illustrated in Figs. 82 to 87 (Nobel, 
Kolomna, etc.). 

Cylinders. — In the case of both stationary and marine engines, the cylinders 
are almost always cast separate from the frames. They consist of three 
parts, the cyUnder, cyUuder liner and cylinder head. In some cases the 





Fig. 93. — Sabath^ Marine Engine Framing. Fig. 94. — Caiels Marine Engine Flaming. 

cylinder and liner are in one piece, with the intervening space serving for a 
water-jacket. 

In small marine engines the cylinder, liner and head are cast in a single 
piece (Sulzer, Figs. 100 and 101, Fiat, M.A.N., Kind, etc.). In those of medium 
or large power the three parts are generaUy separate, the liner is pressed into 
the cylinder, and is free to expand longitudinally.* This construction has 
the advantage of freeing the liner from the axial stresses due to the pressure 
on the head. This is particularly important with two-cycle engines, where 
the strength of the liner is greatly reduced in way of the exhaust ports. 



* The construction of the Germaniawerft ehown in Fig. 105 (p. 91) is interesting. The 
head and the cylinder liner are cast in one piece, but are separate from the cylinder. 
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Fig. 100. Fig. 101. 

o = Piston lubrication. a = Entry of cooling water. c = Indicator cock. 



Types op Cylinders, Cast in One Piece, for Small Marine Engines. 

Generally the tension load is taken through the cylinder and the radial 
stress by the cylinder liner. In some designs the tension stresses are also 
removed from the cylinder by attaching the head to the frame direct by long 
bolts. 

The liner is almost always of hard close-grained cast iron, cast with a 
large header. The jacket is of cast iron, or sometimes, in the case of light 
engines, of cast steel. 

Fig. 102 represents the section of a liner for a four-cycle, and Fig. 104 that 
of a two-cycle engine, in both of which designs the liner is free to expand 
longitudinally in the cylinder. At the top the flange of the liner is shown 
resting in the cylinder, and this part ought to be carefully designed, in view 
of the heavy stresses imposed upon it by the spigot jointing ring C (Fig. 102), 
which insures tightness between the liner and the head. The groove for this 
joint may be machined entirely in the flange of the liner, or half in this and 
half in the cylinder (Fig. 103), obtaining by this second method a perfectly 
tight joint for the cooling water as well as for the cylinder gases. The bottom 



90 



LAND XSD HARtKB DIESEL ENGINES. 



of the Imer is made a working fit in the cylinder to permit of free expansion. 
The water-tight joint between the liner and the cylinder at the bottom 
end is made by one or other of the methods la uae for gas engines, some- 
times by means of a gland, oi by a rubber ring compressed by Ute liner into 
a groove d machined in that part of the cyhnder which serves as a guide 
for the liner (Fig. 102) In addition to the top and bottom joints between 




I 



Fig. 103.— Alternative System for 
Spigot Jointing Ring c to 
enaani Tightncsa at Top Con- 
nection of Cylinder and Liner, 

the liner and the cylinder, to 
asEist the liner in resisting the 
transveise thrust due to the 
obliquity of the connecting- 
rod, an intermediate point of 
support b is generally intro- 
duced. In two-cycle engines. 
this extra support ia given in 
way of the exhaust ports. 

The exhaust ports, aa 
abeady stated, have a length 
of about 20 per cent, of the 
stroke, and are separated by 
bars, preferably of ample 
section, with a hole of aa 
large diameter as possible for 
water circulation. 

The arrangement for the 
cooling of these bars requires 
the very closest attention, 
owing to the fact that they 
are exposed each stroke to 
the flame of the burning 
Fig. 102.— Section of Liner for gases. 

FouT.oyole Engine, showing The top ot the liner 

Method of Jointing and should be bored out to an 
Staying. Internal diameter slightly 

larger than that of the piston 
down to the position occupied by the centre line of the top piston ring, when 
the crank is at the top dead centre. This bell-mouthing a (Fig. \^) pre- 
vents the formation of a ridge on the liner wall by tiie top ring at the top 
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Fig. 104. 

Section of Liner 

for Two-cycle 
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point of its travel. The piston woiild knock against this ridge at every 
revolution. This bell-mouthing also facilitates the entry of the piston and 
its rings into the liner. 

The thickness of the cyhnder liner is generally reduced towards the 
bottom. That of the upper part subjected to the highest pressures may 
be calculated from the formula (Bach)—- 

in which D is the diameter of the cylinder, K the stress in the material in 
kgs. per sq. cm., and p the maximum pressure of the indicator diagrnm. 
Putting K = 250, and p = 30 atmospheres. 



IV 250-1-3x30 V 



= 0-066D. 






To the value of S obtained as above a con- 
stant of 15 mm. for small to 10 mm. for large ■ j 
engines is usually added to allow for the 
necessary regrinding, when through time the 
cylinder Imer has worn oval. This constant 
introduces a factor of safety, and makes it un- 
necessary to use more than average care in 
assigning a value to p. 

The length of the liner is determined by the 
stroke and the piston length. The piaton may 
be allowed to overrun the liner at the bottom 
dead centre for about one-fifth of the piston 
length where no crosshead is fitted, whilst wi^ 
s crosshead the piston may project nearly as 
far as the lowest pistociing. 

When the liner has to resist the bending 
moment produced by the horizontal component 
N (Fig. 140, p. 108) of the pressure load due to 
the obliquity of the connecting-rod, it is desir- 
able to check the unit stress in the liner and the 
deflection which this moment wilt cause. 

It is safe to assume, in the calculation, that pig io5.— Eiftmple of Two- 
the load, instead of being distributed over the . ^ ■ . .. .. . 

cylindrical part of the piston, is concentrated 
at a section corresponding to the axis of the 
gudgeon pin. 

It is suf&cient for the purposes of calculation to take the position of tjie 
piston in which the bendii^ moment is a maximum. This position is readily 
found by trial, or graphically from the diagram of forces N (p. 108, Figs. 
140 and 141). 

Should the unsupported length of the liner be such that the deflection, 
due to the force N, requires an increase of the section modulus, it is generally 
preferable to provide for this by introducing longitudinal ribs rather thui 
by increasing the wall thickneas, and so diminishing the cooling effect of 
the water. 



cycle Engine having Gylmder 
Linar and Head Cut in One 
■ Piece with Separate Jaoket.] 
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CHAPTER VIII. 

CRANK SHAFTS, CONNECTING-RODS, PISTONS. 

Crank Shafts. — The crank shafts are made of Siemens-Martin steel with an 
ultimate tensile strength of 50 to 55 kgs. per square cm. (32 to 35 tons per 
square inch) and an elongation of ovei 20 per cent. 

Land and high-speed marine engines, even with four or six cylinders, 
excepting those of high power, generally have their crank shafts in one 




aam 
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Fig. 106.— Multiple Crank Shaft in One Piece. 

piece (Fig. 106) ; but in the case of cargo-boat engines the crank shaft is 
generally divided into sections of two or three cranks each. 

Owing to the high maximum cylinder pressures, crank shafts forged at 
a high temperatm'e from a bar should not be used even for very small oil 
engines. With high-power marine engines having a large stroke bore ratio 
built-up crank shafts may be used (Figs. 107 and 108). 




y 
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Figs. 107 and 108. — Built-up Crank Shaft for High-power Marine Engines. 



Generally, for all classes of Diesel engines, the crank shafts are solid 
forged (Figs. 109 and 110), in which case the shaft is forged under a hydraulic 
press, leaving rectangular blocks where the cranks are to be formed. Fig. Ill 
shows the outline of the rough forging, and from these blocks by means of 
drilling and slotting machines a smaller block (shown in dotted lines in the 
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1 

figure) is cut, so that from the remaining part the pin and the arms of the 
crank may be turned and shaped. The fine lines in the figure show the 
finished crank. 

The forging of these shafts, especially those for high-power engines, re- 
quires plant of such size that only the largest forges can undertake tiie work. 





Figs. 109 and 110. — Solid Foiged Crank Shaft for Diesel Marine Engines. 



In Italy the crank shafts are imported from abroad, and are generally supplied 
rough-jnachined. 

To detect flaws in the metal, and for lightness, the crank shafts and pins 
are often bored hoUow, to a diameter between 0*4: and 0*6 that of the shaft 
or pin. As a rule, account is not taken of this reduction in strength when 
making calculations for the strength of the shaft. 

It is difficult sufficiently to support long shafts during the operations 
of turning (especially when turning the crank pins with the shaft revolving 
eccentrically), as the unsupported weight may cause appreciable bending, 
and the pressure of the tool is apt to give rise to vibration. On this account, 
special crank-pin machines, in which the shaft remains fixed, whilst the tool 
revolves around the pin, are often adopted. 

Fig. 112 represents a finished crank shaft of a two-cylinder stationary 
Diesel engine. 

The cranks are at 360° to one 
another. The small crank c drives 
the compressor ; a, a and a^, are the 
journals of the main bearings, the 
last of which contains the gear wheel 
for driving the valve gear ; e is the 
tail end bearing journal. 

The flywheel is carried by the en- 
larged part gr, in which two keyw&ys 
are cut. 

Centrifugal lubrication is provided for the crank-pin bearing. The centri- 
fugal lubricators are of bronze or malleable cast iron, attached to all the 
cranks, including that of the compressor. This latter is frequently separate 
from the remainder of the shaft, and secured to it with sunk-headed 
screws* 




i^ 



Fig. 111.— Rough Forging for Solid 
Crank Shaft. 



LAND AND MABmt! DIESEL ENGINES. 

The angles between the crflnks are 
designed to give equal periods of time 
between the combustion strokea of the 
various cylinders, and to balance, as far 
as possible, the Inertia forces of the re- 
ciprocating and rotating masses. 

Thus, with ffmr-cycle engines, the cranks 
■ are at 360° if there are two cylinders, 
at 240° with . three, and 180° and 120° 
respectively for engines with four and six 



Fig. 113. — CoimteTtuluioed Crank of Two-ojlinder 



cylinders. The cranks must be counter- 
balanced with two-cylinder engines (Fig. 
113),* to prevent excessive vibration in the 
foundations, or in the hull in the case of 
marine engines. It is impossible to obtain 

" The balance wcU-ht shown in section (Fig. 113) 
IB usuallj' of cost iron, hollow, and filled nitli lead. 
The attachment to the crank maj alw) be made by 
means of kejrs dove.tailed into the two piecea. 
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perfect equilibrium of the reciprocating masses,* and for this reason the 
two-cylinder arrangement, which is common in land practice, is very little 
used for marine purposes, sinc« in addition to its other disadvantages, it 
does not satisfy the conditions of smooth running. 

The cranks of three-cylinder engines are not fitted with balance weights, 
except for high speeds, although in this case, also, the forces are not all in 
equilibrium, and produce a rocking couple. 

In four- or six-cylinder engines the balance between the cylinders is 
practically perfect, and the designer need only provide for the inertia of the 
relatively small moving parts of the compressor. 

In two-cyde engines with two cylinders the cranks are at 180° to one 
another ; with three cylinders at 120°, and in four and six cylinders at 90° 
and 120° respectively, and only with this last is the balance perfect. For 
the others, especially in high-speed engines, the rotating masses should pre- 
ferably be balanced. When the scavenging pump is driven from a separate 
crank on the engine crank shaft, its masses must also be balanced. 

The compressor is often arranged parallel with the scavenging pump, 
and driven by a balance lever from the crank of the latter, so that the acceler- 
ation forces of the reciprocating masses of the two compensate for one another 
at least in part. 

Lubrication of the bearings, as stated in the preceding chapter, is effected 
by means of drip, ring, or, in high-speed engines, forced lubrication. That 
of the crank-pin bearing, if not under forced lubrication, is provided for by 
centrifugal lubricators of bronze or malleable cast iron fitted to the crank 
webs. 

Forced lubrication is carried out by a plunger or rotary pump, delivering 
the oil into the cap of each main bearing ; some of this oil, spreading 
itself over the journal, leaks out to the save-all of the bed plate, whilst 
the remainder passes to the crank pin through a hole dnlled in the 
shaft (Fig. 114). Again, part lubricates tibe crank pin and escapes, whilst 
the remainder is delivered to the fcudgeonlpin through a hole drilled in the 
connecting-rod. uM/y^j J 

The oil which leaks from the main bearing, crank-pin, and gudgeon-pin 
journals is all collected in the save-all of the bed plate, where, as seen in the 
preceding chapter (Figs. 75 and 76, on pp. 77 and 78), it is cooled before 
returning into circulation. 

Sometimes, especially in high-speed marine engines, the pressure circuit 
of the oil extends to the piston head. 

In many cases, as explained later, it is desirable to cool this part 
efficiently, subjected as it is to high pressures and very high temperatures. 



* The centrifugal force of the rotating masses (crank webs, crank pin, bottom end of 
connecting-rod, and half to one-third of the connecting-rod proper, are easily balanced 
by weights on the cranks. If it is wished to balance the inertia of the reciprocating 
masses (the piston, two-thirds to half of the connecting-rod, piston-rod and cross- 
head, if fittea) by means of rotating weights, the horizontal components of the centri- 
fugal forces of these weights tend to set up horizontal vibration in the engine in a direction 
perpendicular to the axis of the shaft. One disturbing force is thus eliminated, and another 
introduced. Usually, balancing is limited in vcrticed engines to compensating the centri- 
fugal forces of the rotating masses, both for the foregoing reasons and for the obvious 
conatructive difficulty inherent in the application of heavy weights to a crank shaft. 
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Some constructors prefer oil to water cooling (M,A.N,, Fiat, etc.), in which 
case the lubricating oil, »ft«r having reached the gudgeon-pin bearing, is led, 
through passages in the gudgeon pin and in the walls of the piston, to an 
enclosed space in the piston crown, whence it is discharged back into the 
save-all of the bed plate. 

Diesel engine crank-shaft calculations are similar to those for all piston 
engines, and are based on the diagram of tangential forces. The diametec . - 
of the crank pin is made equ&l to that iiUhe -c r a nk -s h a ft j o ur na l s. Calcula-J (^ 
-tioHa" give^tfferent values, and the larger of the two may be ado pted for "both / 



Fig. 114. — Forced Lubtioation Airangemente. 

The maximum stress allowable is 10 or 11 kgs. per square mm. {14,000 
to 16,000 lbs. per square inch), taken out on a piston pressure of 46 to 
50 atmospheres (640 to 700 lbs. per square inch), which is met with during 
the period of starting under compressed air. 

Having determined the leading dimensions of the crank shaft for a single- 
cylinder engine, those for a two-cylinder engine of the same piston diameter 
and stroke may be similar, since the maximum stresses at any instant do not 
greatly exceed those with a single cylinder. 
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With four-cycle engisBs of thiee or four cylinders, the crank shaft dimen- 
sioDs are the same as those for a single-cyliader engiae of the same piston 
diameter aud stroke. 

Since the calculations for crank sh^ts are of the same type for all reci- 
procating engines, it is not deemed necessary to treat this eubject further 
here, and the reader is referred to the classical works of Bach and Oiildner, 
aud the excellent Italian work of PomioL* 

The length of the crauk piu is generally determined from the formula 

p . V = K, 

in which p is the pressure obtained 
as follows by multiplying the area 
of the piston by the mean indicated 
pressure (for Diesel engines about 7 
atmospheres — 100 lbs. per square 
inch) and diviijing this product by 
the projected area of the pin (i.e., 
diameter multiphed by thelength): — 

V is the peripheral velocity of the 
pin in metres per second. 

K is a constant depending on 
the type of pin, the system of 
lubrication, the workmanship, etc. 
For four-cycle engines of normal 
speed, the following values have 
been collected from several engines 
built :— 

K = 14 to 16 for crank-shaft 
journals with ring 
lubrication. 
K = 25 to 30 for crank pins 
with centrifugal lubri- 
cation. 
For high-speed engines with •** 

forced lubrication, 

K = 30 to 40 for the main \. as, ^ ^-L j 

beanngs, ^^^ lis.— Arrangement of Forood Lubrioa. 

and K = 50 to 60 for the crank tion of Cronk Sh*It m.A Gudgeon Pin, and 
pins. Oil Cooling of PUton Crown (M.A.N.). 

For two-cycle engines, slightly lower values are generally assigned to K. 

The constant for the crank pin is always greater than that for the journals, 

although the lubrication of the latter is easier and generally more efficient. 



• 0. Pomini, Pitkin SwjiDM. HiUn, Hoepli, 1912. 
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Tlie explanation may b^ found in the efficient air cooling which rotation 
gives to the crank-pin bearing. ^ , ^ 

The distance between the centfes of the main bearings in ordinary engines 

Iis fipprbximately two and a-hali times the ctiameter of the cylinder with 
ring lubrication, whilst with forced lubrica^on the distance between bearixi^ 
centres may be less than two cylinder diameters. 

In marine engines the thrust block bearing area is calculated on the basis 
of a mean pressure on the thrust shoes, of 3 to 4 kgs. per square cm. (40 to 





Kg. 116. 



Fig. 117. Fig. 118. 

Figs. 116 to 119. — Types of Connecting-rods. 



Fig. 119. 



60 lbs per square inch) in the case of cargo boats, up to 6 or 7 kgs. per 
square cm. (85 to 100 lbs. per square inch) for torpedo boats and sub- 
mersibles,* keeping the diameter of the collars about 1*6 that of the shaft, 
and the thickness 0-14 to 0-20 of the same diameter. 



* With thrust blocks of the Maudslay type, only the upper half of the shoe is taken 
into account for the calculation of the thrust area. 
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In calculations to a near approximation it may be considered that the 
thrust area should be about 8 square cm. (1*25 square inches) for every 
10 B.H.P. of the engine. "~ 

Connecting-rods. — In Diesel engines these are always of forged steel, 
tapered and sometimes hollow, especially with light engines. The bottom 
end is of the marine type, generally fitted with cast iron, cast steel, or gun- 
metal bushes lined with white metal. The crank-pin bearing bolts are made 
fairly strong, although not subjected to any considerable stress. They are 
not in tension, except when arresting the reciprocatiiig masses at the end 
of the exhaust stroke of four-cycle engines. 

Figs. 116 and 117 show the tjrpe of connecting-rod for a crosshead engine, 
and Figs. 118 and 119 that used with an engine having the gudgeon pin 
inside the piston. 

The top and bottom ends may be forged with the body of the rod (Figs. 
118 and 119), or may be independent (Figs. 116 
and 117). 

In the first case, the turned bushes of bronze, 
cast iron or cast steel, lined with white metal, are 
separate from the jaws of the rod, and with the 
second the white metal is generally run directly 
into the two half-brasses forming the head. 

Complete top and bottom end bearings are 
generally provided as spare gear, to serve in the 
event of one on the engine having to be removed 
for the renewal of its white metal due to over- 
heating. 

The type shown in Figs. 116 and 117 is not 
quite so rigid perhaps, but ofEers the advantage 
that it is possible to alter at will the distance 
between the crank pin and the gudgeon pin, by 
inserting liners of sheet metal between the foot of 
the rod and the brass. With Diesel engines it is 
very useful to be able to alter the length of the 
connecting-rod in this way, as it is the most 
convenient method of varying the final cylinder 
compression pressure. 

Fig. 120 shows a cqnnecting-rod to which the 
gudgeon pin is rigidly attached, the latter being 
free to move in the bosses of the piston, w^hich 
in this case are fitted with the bearing brasses. 
Imperfect alignment between the axis of the cylinder and that of the crank 
has a greater influence in this case upon the running of the bearing, and for 
this reason the top end of the connecting-rod is flattened out to reduce its 
rigidity in the longitudinal direction of the shaft (Sabathe). 

The ratio - between the length of the connecting-rod and the radius of 

T 

the crank is generally about 5, but may be reduced to even 4 for high-speed 
or marine engines where the maximum reduction of height is desirable. 

When a crosshead is fitted a ratio - = 4-5 may be considered sufficient even 




Fig. 120. — Connecting - rod, 
with Gudgeon Pin rigidly 
attached (Sabath^). 
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for ordinary engines, because the horizontal component N (Fig. 140 on p. 108) 
acts on the guides, where the -wear is less harmful, instead of on the cylinder 
walls. 

The crosshead does not call for particular mention, except that the dimen- 
sions of the pins should be large, in order to reduce the pressures on the brasses. 




' 123.^CoinpariBOii of Heights of Engines with and without ( rosshead. 



Figa. 121 

One of the main reasons for adopting a crosshead is to obtain a reduction 
of these pressures, since, with the top end of the connecting-rod enclosed in 
the trunk piston, its dimensions are limited by those of the inside of the 
piston. Further, it may be added that, with a crosshead, lubricatiou is more 
easily carried out ; the parts are cooled by their movement, and are further 
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removed from the rtidiation of the hot walls of the piaton. In modern 
practice a croashead is almost without exception adopted with large engines, 
for the above and other very good reasons. 

The trunk piston has two important functions, that of keeping the cylinder 
gaa tight, and that of serving as a guide. When the piston is large and the 
stresses considerable, each of these duties assumos such importance that it is 
difficult for one part of the engine satisfactorily to ful^l both. Giildner 
states that with large pistons the 
difficulties in fulfilling satisfactorily 
the principal function — i.e., that of 
an obturator — are such that it is un- 
wise to make it a heavily loaded 
guide as well. Large pistons require 
to take the thrust on a relatively 
smaller area than do small ones ; 
otherwise the piston dimensions 
would assume such values as would 
cause excessive weight, expansions 
and stresses in the material. Diffi- 
culty would also be experienced in 
lubricating the large rubbing surfaces, 
which require perfect and abundant 
lubrication on account of the large 
loads upon them. 

The disadvantages attendant upon 
the adoption of the crosshead may be 
summed, up as an increase of weight, 
of cost, and especially of height 




Fig. 124. Fig. 125. 

Figa. 124 and 125.— Simplort Type of Piston. 

of the engine. For an equal ratio - the connecting-rod, piston-rod and 

crosshead give an increase of about 20 per cent, in height (Figs. 121 and 
123), but, as stated, the better conditions under which the crosshead slippers 
voric, make it possible, without appreciable disadvantage, to shorten sUghtly 
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the connecting-rod, so that the increase of height may be usually considered 
as somewhat below 20 per cent. 

Pistons. — The simplest type of piston for Diesel engines is shown in 
Figs. 124 and 125. 

Being cast in one piece and without special cooling arrangements for the 
crown, it is suitable for small and medium-sized units, particularly those 
working on the four-stroke cycle. With two-cycle engines, even of small 
diameter, it is preferable artificially to cool the crown of the piston. The 
part of the piston wall from the crown to the gudgeon-pin bosses is thick, 
whilst the lower part towards the open pnd is thinner and often strengthened 
by ribs c. 

The rings, to the number of six or seven, are of the best cast iron, generally 
square in section. They should be turned twice ; firstly, before being cut, 
they are turned to their free diameter ; then cut as shown in Fig. 126, the 
sectioned part removed, and the ring closed by a small pin, as shown in 
Fig. 127; secondly, they are turned to the diameter of the cylinder. To 
keep the joints of the various rings out of line, a small radial pin registering 
with a hole in the ring is screwed into the bottom of each groove. 

The gudgeon pin, of case-hardened steel finished by grinding, is fixed 
in the piston by two set pins. Sometimes the ends of the pin in the bosses 

of the piston are slightly conical, and 
in this case the small end of the cone 
is screwed and fitted with a thin nut 
bearing against the piston and retaining 
the pin in place. The small key n pre- 
vents the gudgeon pin from turning. 
The bosses in the piston are usually 
strengthened with ribs g^ as shown in 
Fig. 125. 
Figs. 126 and 127.— Piston Ring Joint. The external diameter of the main 

part of the piston is only some one- 
tenth of a mm. (xiniTr ^^ ^^ inch) less than that of the cylinder ; the upper 
part carrying the rings is usually from two-tenths to five-tenths of a mm. 
(tjtujj ^ jMt5 ^^ ^^ inch) smaller than the lower part.* 

The piston crown is sometimes flat, but often concave in form, and is 
always very thick. It is generally strengthened by ribs (Fig. 125), either of 
annidar form as shown in section, or radial as shown dotted at h. If the 
concavity of the crown is great, in order to keep the compression volume at 
the correct value, the piston crown will require to come very close to the 
head of the cylinder at the end of the stroke, in which case recesses at the 
periphery of the piston crown are left to provide room for the valves 
(Fig. 128). 

The tapped holes a (Fig. 125) are for eye bolts, to which the lifting tackle 
for withdrawing the piston is attached. 

The conditions imder which Diesel engine piston crowns work are very 
severe, as can be readily understood by considering the simultaneous action 
of the very high temperatures and pressures to which they are subjected. On 





♦ These values are for small engines and increase with the size of the engine though 
not in proportion thereto. 
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this account, in preparing deaigna, trials with various forms of strengthening 
and thicknesses, depending upon the quality of cast iron, are more important 
than accurate calculatioiiB. The thicknesses should not be greater than 
necessary, in order that the weight of the reciprocating masses may be a 
minimum, and that over-heating of the crown, and the formation of stresses, 
due to la^ differences of temperature in the material of the crown itself, 
may be prevented. It is better to have recourse to the use of the very best 
material, car^l casting, and rational strengthening by ribs. 



Fig. 128. — Piston with fiepinite top portion (M.A.N.) having rooeBBea in Periphery 
of Crown to give Clearance for Valves in Cylinder Head. 

Above a certain limit of diameter (generally 300 to 350 mm. — 12 to U 
inches — the piston is frequently made in two pieces (Fig. 128), giving rise 
to a certain increase in weight and cost, but facilitating casting, reducing 
the internal stresses due' to expansion, and permitting of greater freedom in 
assigning the most suitable thicknesses to the various parts. 

Amongst the expedients adopted to improve the condition of the piston 
crown may be cited one of placing in the centre of the crown a disc of uickel 
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steel of a diameter of about one-third that of the cylinder (Sulzer), or of 
boring out the centre of the crown, and plugging up the hole with a large 
stud, which tends to reduce tl^e expansion stresses (M.A.N., Figs. 138 and 
139, p. 107). 

Calculations for this part, although of relatively small moment for the 




.^s^^^^s^ 



'(seat. 8) 



Figs. 129 and 130.— Joint of Piston Water-cooling System (Tosi). 



reasons given, are generally on a basis of a uniformly loaded flat or concave 
plate supported at its circumference. 

Where the ribs cannot be said to afiord much support, as is generally the 
case with water or oil-cooled pistons (Figs. 136 to 139), their strengthening 
influence is usually neglected. 
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For simple pistons the thickness S of the crown is 
S =012toO-UD i__ 
tor large to small diameters (D) of the cylinder. 

For high-powered engines, especially those working on the two-stroke 
cyrle, and high-speed marine engines even of small cylinder diameter, the 
pistons should be artificially cooled. This may be effected by means of air, 
oil, or water. i 

Air cooling has the virtue of simplicity, but is not very efficacious. The 




Weckspoor slow-running four-cycle engines of relatively low power of the 
M.V. " Vulcanus " do not require much cooling of the piston crowns, and 
the delivery pipe of a centrifugal fan branches mto a number of telescopic 
tubes, which blow a current of ait into the interior of each piston, whence 
it escapes to the atmosphere. 

When water cooling is adopted, the water is led to the piston crowns 
through hinged or telescopic tubes (Figs. 120 to 134, Tosi). The leaks and 
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obstnictiona which may easily occur at the joints constitute the greatest 
drawback of this system. 

Generally the water service is under a pressure of 3 to 4 atmospheres 
(43 to 56 lbs, per square inch), but to reduce the probability of leaks, Messrs. 
Sulzer have adopted a system of open pipes represented diagrammatically in 
Fig. 135. In this system a central tube a directs a jet of water against the 
crown of the piston. The water falls back into the circulating chamber and 
flows away through a telescopic pipe. The central tube a is enclosed within 
another telescopic pipe, which ends in an overflow c 

Figs. 136 and 137 show two pistons 
with cooled crowns for cargo boat 
engines ; the first is that of the M.V. 
" Monte Penedo," the second, that of 
the M.V. " Evestone." 
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Pig. 136. 
FigB. 138 and 137.- 



Fig. 137. 
T-oooled Pistons for Cargo Boat Engin< 



Even with marine engines fresh water is sometimes used for piston 
cooling. 

With two-cycle croashead enf^nes tlie total length of the piston is con- 
siderable, although the piston proper only consists of the upper part with 
thick walls, in which the rings are carried, whilst the lower thin and light 
part really serves as a shroud, to prevent the exhaust ports being uncovered 
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and put in communication with the engine room when the crank is near the 
top dead centre. 

The centre part of the crown is not water-cooled in the piston shown 
in Figs. 138 and 139 (M.A.N.), which represents a stepped piston, the 
lower part of which serves as a scavenging pump. 

The part of the piston where expansion may give rise to the most dangerous 
internal stresses is close- to the joint between the crown and the cylindrical 
walls, as the internal fillets lead inevitably to an increase of thickness, tending 
to store up the heat. In addition, excessive heating of this part is detri- 
mental to the life and working of the uppermost rings, which are always 
subject to the most severe conditions. 

On the other hand, it is not advisable .to lower the temperature of the 
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Fig. 138. Fig. 139. 

Figs 138 and 139.— Stepped Piston of M.A.N. Two-cycle Engine. 

centre of the cro\^n to an excessive extent, because the injected fuel ignites 
more readily and bums more completely when it strikes against a hot wall. 

Reference was made on p. 102 to the fact that the upper part of the piston 
carrjring the rings is always less in diameter by some tenths of a mm. than 
is the remaining part of the piston. This practice is due to the necessity 
of compensating for the effects of the varying expansions in the parts of the 
piston at different temperatures. When the crown is oil- or water-cooled, 
this reduction of diameter may be less. By adjusting the quantity of cooling 
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water, the expansions of the various parts of the piston may be regulated 
to some extent. 

Piston-cooling by oil is preferably 
adopted with high-speed and light 
engines. Mention has already been 
made on p. 96, Fig. 115, of the 
general lines of this application, and 
the advantages peculiar to this 
method are — the elimination of the 
hinged pipes for supply and discharge, 
and the fact that leakage will not 
give rise to rusting of bearings or the 
lathering of the oil in the simip of the 
bed plate, as would be the case with a 
leakage of cooling water. 

A crosshead absorbs the thrust N 
(Fig. 140) due to the obliquity of the 
connecting-rod. When no crosshead 
is fitted this thrust is taken by the 
cylinder. For this reason, the total 
length h (Fig. 142) of the piston 
should be such that the mean pres- 
sure on the area d x h, due to the 
force N, is not greater than a pre- 
determined value. 

Fig. 141 gives the diagram of 
forces for a ratio of length of 
connecting-rod t-o crank radius of 5, 
and for normal cylinder pressures. 

^i^K^^':i^^f*J?M.^ Forces shotting Side q^ q ^^^ q as absciss®, the 

Thrast due to Obhquity of Connecting- . , * . , 

jQ^j^ ^ "^ ® - compression and expansion strokes 

are developed. In the other two 

strokes of the cycle the force N may be neglected. The value of the force N 





Fig. 141. — Diagram of Value of Side Thrust due to Obliquity of the 
Connecting-rod at any point of the Stroke. 

referred to 1 sq. cm. of the area of the bearing surface of the engine 
piston are the ordinates. These ordinates, n, are of opposite sign for the 
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two strokes, since the forces act upon diametrically opposite sides of the 
piston. 

Since N = F tan (? = A p tan /?, 

in which A is the area of the piston of a diameter D, and p the total 
pressure on the piston, the ordinates of the curve are : — 

n = ^ = p tan d. 

During the compression stroke the maximum pressure n^ is equal to about I 
1*2 kgs. per sq. cm. (17 lbs. per square inch), and for the expansion stroke n^, ( 
about 3*4 kgs. per sq. cm. (50 lbs. per square inch), and these occur at a i 
distance o (Fig. 141) from the top dead centre — i.e., about one-tenth of the | 
stroke. 

The maximum pressure K between the piston 
and the liner occurs at about one-tenth of the 
expansion stroke, and has the value 



r 



K = -A- = — 7-j- = about 2-7 , , 
ha ha h 



from which 



h = about 
h 



K" 



I 



hi 



Usually the ratio -^ (Fig. 142) varies from 

a 

2-5 for small to 1-9 for large engines, and the 
value of K varies correspondingly from 1-1 to 
1*4 kgs. per sq. cm. (16 to 20 lbs. per square 
inch). "^ 

-■ — National rules cannot be given to determine 
the position of the gudgeon pin — i.e., of the ratio 
between the lengths h and a (Fig. 142). A small 
value of b should reducte the total height of the 
engine, but leads to the disadvantage that the top 
end of the connecting-rod is brought nearer to 
the piston crown, and would be subject to Fig. 142.— Piston Dimensions, 
higher temperatures. On the other hand, for a 

larger value of 6, relative to a, the gudgeon pin bearing works under better 
conditions, but the height of the engine is increased. 



b 



A 



-<t)- 



I 



Generally, the ratio - is from 1-1 to 1-4, and is often 1-30 to 1*35. 



L 



Endeavours have Been made with trunk piston engines to reduce the 
wear of the pistons and liners due to the force N, wear which necessitates 
re-boring the liner and changing the pistons after the engine has been in use 
for a certain time. 

One arrangement for attaining this end consists of htting white metal 
slippers to the piston at that part where the force N is greatest. The result 
of this system is good, though if the white metal be doing its work, and 
on that accoimt projecting slightly above the surface of the piston, the 
latter is not so well guided, and may rock slightly when the engine is 



i^--' 
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running. For this reason, when fitting the white metal slippers, the amount 
of their projection (a fraction of a nmi.) must be adjusted with the greatest 
care. This system, however, does not permit of the piston length being 
reduced, since its guiding efiect must be retained. 

The M.A.N. firm have made use of cast-iron packing pieces let into the 
piston at that part where N is small, and by adjusting these packing pieces 
by wedges the play between the packing pieces and the liner may be main- 
tained at any desired value, although the liner may be worn oval. In this 
case the object is not so much to reduce wear as to compensate for its effects. 





Fig. 143. Fig. 144. 

Figs. 143 aiid 144. — Cylinder Offset relatiTe to Crank Shaft to reduce Wear on Liners. 

The wear of the pistons and liners may also be reduced by displacing the 
centre line of the cylinder relative to that of the shaft (as in Figs. 143 and 
144), by which means the angle ^, during the expansion stroke when the 
pressure in the cylinder is greatest, is kept small, and the product j) tan = 
N is reduced. 

This system (having those advantages peculiar to long connecting-rods 
without the disadvantage of increasing the distance between the cylinder 
head and the crank shaft) is applied to vertical engines, especially those 
working with petrol and paraffin, and also to horizontal gas engines (S.L.M. 
Winterthur), but has only been adopted by one maker of Diesel engines. 

The condition of minimum wear is obtained with an ofi-setting, which 
gives equal friction between the piston and cylinder walls during the com- 
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pression and expansion strokes. This is obtained with such a displacement 
of the centre line of the cylinder as to make equal the areas above and 
below the axis of the abscissae in the diagram (Fig. 141), and the liner would 
then wear oval on the two sides symmetrically, instead of almost entirely 
on that side on which N acts during the expansion stroke. Consequently, 
the increase of diameter on re-boring is considerably less.* 

With engines of the crosshead type, either one or two slippers (even with 
reversible engines) are provided. In the former case the slipper is on that side 
where the pressure n^, (Fig. 141) acts when going ahead. The pressures n^ 
when going ahead and n^^ when going astern are taken by the astern guides. 

The area n of the slipper is calculated on the basis of a mean pressure 
E of 3 or 4 kge. per sq. cm. (43 or 56 lbs. per square inch). / 

^A^ 3-4 J (i« 

n = * - = ^-^ = about (0-9 to 0-7) rf*, 
mL. o to 4 

in which d is the cylinder diameter. 

Since with four-cycle crosshead engines the piston serves no other purpose 
than that of an obturator, the length may be reduced to that necessary to 
carry the six or seven spring rings required for tightness. 

With two-cycle engines the piston, as already stated, has also to keep 
the exhaust ports covered during the inward stroke of the piston, and for 
this reason its total length should be about that of the stroke. 

When designing Diesel engines, it must not be forgotten that piston 
cleaning is one of the operations forming part of the routine of engine main- 
tenance, and on that account this piece should be able to be easily dis- 
connected and removed^ 

One of the advantages of horizontal engines (p. 42) is the readiness 
with which the piston may be removed from the crank shaft end of the 
cylinder. 

In vertical engines, where the pistons are of a single diameter — i.e., 
not stepped — they are usually removed from above. The piping connected 
to the head being removed and the head itself lifted ofi — the lifting bolts 
provided for the purpose being screwed into the holes a (Fig. 125) — ^and the 
bottom end of the connecting-rod being disconnected, the piston and con- 
necting-rod are lifted out by means of suitable gear.t 

This system is not altogether the best, since removing the head means 

disconnecting a great number of pipes, and in the case of marine engines 

.cannot be applied in all cases, because the lifting tackle has to be hooked 

into an eyebolt situated at a height of almost double that of the engine, 

which height is not always available in the engine room. 

In some small high-speed and marine engines, especially with the cylinder 



* It is known from the theory of machinee that, with the centre line of the piston 
displaced relative to that of the shaft, the stroke is greater than 2r, and the time occupied 
by the outward differs from that of the inward stroke. For a small displacement of the 
centres, these factors are neghgible. 

t In designing the bottom end of the connecting-rod it must not be forgotten that it 
haa to pass through the cylinder : this is not always easy. 
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-4 
and th« head cast io one piece, the piston is removed from below,* or the whole 
cylinder is lifted for examining the piston. This last operation must generally 
be perfornied if the piston be of two diameters, of which the larger serves 
as a scavenging pump piston (Figs. 138 and 139, p. 107). 

With crosshead engines, the frame frequently permits of the withdrawing 
-of the piston to the side after it has been removed from the cylinder from 
below, as shown in Fig. 145 (Tosi). 

The Werkspoor firm has given the gr^teat consideration to the problem 
of easy removal of the piston. Figs. 146, 147, and 148 clearly explain the 
two patented methods adopted in the engines of this firm. As shown in 
Figa. 146 and 147, the lower part b of the cylinder is separate from the water 



Fig. 148.— Methodjof removing PUton from below (Werkspoor). 

jacketted upper part a, and is divided into two halves vertically. By removing 
the front half it is possible, when the crank is at the bottom dead centre, 
to swing the piston forward out of the cylinder. 

With the system shown in Fig. 148, the lower part of the cylinder is also 
independent of the upper part, but is in one piece. Two lifting arms, carried 

* The bottom end of the connecting-rod is diacoanected and tbe piston is lowered 
until the gudgeon pin is occesaible. This is taken out and the coiueoting-rod ramoved, 
"■'■■-g the piston to be oompletel; withdrawn. The operation is not an easy one, 
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by a sleeve working on a screw thread cut on one of the turned columns of 
the engine framing, make it possible to lower, first, the lower part of the 
cylinder, and, second, the piston. • 

The Lubrication of Pistons and Gudgeon Pins.— When forced lubrication 
is adopted for the main bearings, tha gudgeon pin may receive its lubricatmg 
oil from the same circuit at a pressure of about 2 or 3 atmospheres (30 or 
40 lbs. per square inch). For greater safety, many constructors prefer, how- 




Fig. 149.- 



-Lubricatmg System of Cylinder and Gudgeon Pin. 



ever, to provide the gudgeon pin with a separate circuit from an independent 
pump through hinged tubes similar to those used for the piston crown cooling 
water (Figs. 129 and 130 on p. 104). 

Part of the lubricating oil for the gudgeon pin is sometimes led through 
holes to the exterior sui-face of the piston, and so lubricates the cylinder. 

It is well to make provision that the oil escaping from the other moving 
parts may not mix with that falling from the piston ; for, whilst the first 
after having been cooled may be used again, the second is always partially 
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burnt, and should not be used again except as fuel, unless it be filtered, 
mixed with fresh oil and used for the leas important bearinga. To prevent 
the burnt oil from mixing with that from the bearinga, guards are provided, 
as seen in Plates XVIII, and XIX. (facing p. 286), showing an M.A.N. 
marine engine. When the crank shaft bearings are not provided with 
forced lubrication, the gudgeon pin and cylinder are lubricated by 
means of special small pumps 
p (Fig- 149) having two small 
pistons. 

The delivery tube supplying oil 
to the gudgeon pin discharges 
through the liner at a point c in 
line with the recess d in the piston 
(Fig. 125 on p. 101). The recess 
passes in front of the orifice of the 
tube during the delivery stroke of 
the pump, and a measured quan- 
tity of oil is forced into the gudgeon- 
pin bearing through holes drilled in 
the piston and the gudgeon pin, 
and is finally led to the crank pin 
bearing. 

The second of the two delivery 
tubes, which serves to lubricat« 
the cylinder, is connected to four 
or six nipples e (Fig. 149) disposed 
around the cylinder itself, as shown 
in the sketch. The most suitable 
position for these nipples has been 
aiscussed on p. 79. 

Flywheels lor Stationary 
Engines. — There is nothing peculiar 
in the construction of flywheels for 
Diesel engines ; they are generally 
in halves bolted together at the 
rim and the boss. The boss joint 
is sometimes strengthened by 
means of the two steel rings 
shrunk on. The rim joint may be 
made with a large pin secured by 
two cott«ra, in addition to or 
instead of with bolts (Fig. 150). 

With small engines and a single-piece flywheel, to avoid excessive casting 
stresses, it is preferable that the boss should be divided by three radial cuts 
at 120°, closed with the usual shrunk-on steel rings. 

The amis are usually six in number, or for laige engines eight ; when the 
rim is very large, some constructors adopt a double series of arms or two 
identical flywheels side by side. 

The flywheel is secured to the shaft by two tangential keys at 90°, or 
by one or two kej's of square section. 




Fig. 150.— Flywheel Rim Joint. 
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The rim carries the teeth in which the ratchet gear engages for turning 
the engine by hand, and when the flywheel serves as a driving pulley, the teeth 
are formed on the inside of the rim. 

Of all engines, the four-cycle Diesel engine is that in which the irregu- 
larity of the cycle is the greatest,* or, in other words, requires the greatest 
momentum in its revolving masses in order not to exceed a given irregularity 
of running, and hence the necessity for multiplying the number of cylinders, 
when with one alone a flywheel of excessive weight would be required. 

Single-cylinder engines do not usually exceed 70 B.H P., for from 60 to 
200 B.H.P. two-cylinder engines are frequently adopted, and for 150 B.H.P. 
upward those with three, four, or more cylinders are most suitable. 

For the special purpose of reducing the weight of the flywheel very high 
peripheral speeds are used ; generally 30 metres (98*5 feet) per second, and 
with heavy flywheels, if they do not serve as driving pulleys, speeds up to 
34 and 36 rnetres (IIG and 120 feet) per second are adopted. 

To find the weight of the rim necessary in order not to exceed a given 
irregularity of running 6, for a given engine, the usual calculation based on 
the tangential forces is used, taking into account the influence of the 
reciprocating masses. 

For approximate calculations the following formula is used : — 

p_ CN 

in which 

G = the weight of the rim = 0-55 to 0-70 of that of the whole fljrwheel. 

N = B HP. of engine. 

D = the diameter of the circle drawn through the centres of gravity of the 
sections of the rim. 

d = the degree of irregularity. 

n = revolutions per minute of the engine. 

C = is a coeflicient deduced from the diagram of tangential forces, and, 
therefore, influenced by the cylinder pressures, by the reciprocating 
masses, by the number of cylinders, etc. Constructors determine the 
value of C for each design of their engines, and then make exact 
calculations by means of the above formia. 

For four-cycle Diesel engines the values of C are from 
66 to 62 X 10* for engines with 1 cylinder. 
25 to 27 X 10« „ 2 „ (cranks at 360°). 

13 to U X 10« „ 3 „ (cranks at 240°). 

2-8to3-5xl0« „ 4 „ (cranks at 180° and 360°). 

The higher values apply to the smallest engines. 

For four-cycle high-speed engines, the values of C are about from 
27 to 30 X 1(? for engines with 2 cylinders (cranks at 360°). 
14 to 16 X 10« „ 3 „ (cranks at 240°). 

about 4 X 10« „ 4 „ (cranks at 180° and 360°) . 

For two-cycle engines, the value of C is very nearly equal to that for 
four-cycle engines, having twice the number of cylinders. 



* Vide Author's article in the Review II Politecnico, No. 24, 1910. 
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The degrees of irregularity usually designed for Diesel plants are 

3 = from ^jr to ^Q with engines for ordinary work. 

3 = from ^(^ to ^^ with engines for delicate work (cotton mills, etc.). 

^ = from Jfj to ^f^ for belt-driven dynamos. 

d = from ^'^ to f J^tj for dynamos coupled directly to the engine, or 
for belt-driven alternators. 

b = about J Jij for direct-coupled alternators.* 

Flywheels for. Marine Engines* — With the exception of some two-cycle 
engines of six or more cylinders, marine engines ai'e always provided with a 
flywheel. The construction and calculations required for its design in no 
way differ from those given for land engines, excepting that, in order to 
avoid large diameters unsuitable for the limited space in the engine room, the 
peripheral speeds are never high, being limited to about 15 metres (50 feet) 
per second. 

Further, the engines being always of the multi-cylinder t3rpe, and an 
irregularity of about s\y being sufficient for screw propulsion, the weight 
of the fljrwheel is never very great in proportion to that of the engine. 

If sometimes on checking the calculation of the flywheel of an existing 
engine, it is found that 3 < ^^, it should not be attributed to a desire on 
the part of the designer to increase the regularity of running, but to a wish 
to provide the engine with a flywheel such as will facilitate starting. 



* It will be observed that the values given for S are larger {i.e., the irregularity is 
greater) than those oommonly used for steam engines, but it must be remembered that 
the great regularity of running of the steam plant is not adopted because it ia necessary 
to the running of the driven machine, but because the flywheel is designed with a weight 
which will give it sufficient momentum to absorb the sudden variations of load. With 
Diesel engines the indicator diagram is such that in order not to exceed a degree of 
irregularity that may be fairly high, a flywheel sufficiently heavy for this other purpose 
is required. ( Vide 11 Polilecnico, No. 24, 1910.) 
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CHAPTER IX. 

CYLINDER BEADS, VALVES, AND FUEL fflJECnOH VALVES. 

The head of the cylinder is a part of the engine of great importance, and, 
since it containK ail the valves and their passages,* is in addition a difficult 
part to cast. For this reason, except in engines of Bmall power, it is always 
cast as a separate piece, apart froni the cj'linder, and secured to the latter 
by strong studs or bolts. 

The material usually employed is cast iron, though examples of heads 
made of cast steel may be found. The use of this material increases the 



fin. l,-,l. Fig. 152. 

FigB. 151 ami 152.— .Sections o! fylinder Head ot Four-cycle Engine. 

difficulties of casting, and its large coefficient of expansion may lead to 
troubles during the running of the engine. 

Cylinder Heads ol Stationary Ei^iaes. — In four-cycle engines, the head 
is of cylindrical form, with its top and bottom flat or siiglitly curved. The 
spigot for the joint between cylinder and head, shown at "g" (Fig. 151) 

• SometimeB the atarting air valvB is at the aide of the cylinder juat below the head. 
In the Sulzer onginea which have double port aoavengbg, with the upper porta controlled 
by a vBlve, the latter is at the aide of the cylinder, aa ahown in Figs. 37 and 38 on p. 37. 
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ensures that the latter shall be central with respect to the fonser-; the pin 
a (Fig. 154) makes it certaiii that the head shall always be replaced with its 
fore and aft centre line in the same plane as that of the cylinder. The 
turned pillars C hold the fixed shaft 
which aervea as a fulcrum for the valve 
levers. 

The suction and exhaust valves and 
the fuel injection valves are almost 
always placed ou the same diameter ; 
the passages leading to them, however, 
do not generallj- entfr the head at 
positions diametrically opposite to one 
another, for in multi-cylinder engines 
the space between the adjacent cylinders 
is not sufficient for the connection of 
the pipes. For this reason, the flange 
for the attachment of the exhaust pipe 
is towards the back of the head 
(Fig. 153). 

In high-speed engines with forced 
lubrication, in which the apace between 
the cylinders is even more restricted, the suction passage leads from the 
back of the head (Fig. 356). In these engines, owing to the small cylinder 
diameter, it also becomes difficult to allow for valves of the necessary dimen- 
sions if the suction and exhaunt valves are arranged on the same centre line 




Fig. 166. 
ir Head for a Four.oycle 



i the fuel injection valve. For this reason it is sometimes necessarj' to 
ff-set the latter (Fig. 156, Grazer, Sabath^, M.A.N., ete.). 



120 LAND AND MARINE DIESEL ENOINEa. 

The startbig air valve is placed on the middle line at right anglea to that 
of the other valves, or more frequently slightly to one or other side of the 
middle line, owing to the dispositiou of the valve-actuating levera. 

From the above it is ween that cylinder heads are rarely aymmetrical in 
form, frequently making it necessary to use right- and left-handed patt«rns. 

To be symmetrical, the suction and exhaust pas-fagea must be as shown 
in Fig. 156, and the starting sir valve on the diameter at right angles to the 
othtj valvea. 

The cooling water enters the bead at the bottom by means of a connecting- 
pipe 6 (Figs. 152 and 155), and passes out at the top at a point e (Fig. 153) 
diametrically opposite. 

The core holes, generally closed with removable bronze plugs, may serve 
to clean any deposit or incrustation left by the tooling wat«r in the water 
spaces. Removable doors of large dimensions are often provided to facilitate 
this cleaning. 

The top and bottom walls of the head, where sufficient support is not 
given by the metal provided for the valve chambers, are usually connected 
by vertical radial webs, in which holes are cored to permit of free water 
circulation. 

For simplicity of casting, or due to restrictions of space, the valve chambers 




Fig. 157. — Section through Cylinder Head 
having Valve Chambers Beparate and 
secured in the Costing (Tosi). 

of the fuel injection valve and the starting air valve, instead of being cast 
in the head, are sometimes formed by a steel sleeve screwed into the bottom 
wall of the bead, and jointed at the top (Fig. 157). 

In cases where space is restricted, the cylinder head studs are encased 
in copper tubes expanded into the upper and lower walls of the head, instead 
of passing through cored-out bosses. 

The external diameter of the head depends on the design, and is usually 
greater than 2 D, with a height of 0-7, or more often 0-8 D, where D is the 
cylinder bore. An even number of studs, eight for medium powers, ten or 
twelve for high powers, secure the head to the cylinder. 

The heads of two-cycle engines differ from those of the four-cycle type in 
the design of internal passages and spaces, rather than in the external form. 

The fuel injection and starting air valves are identical in position aifd 
type with those for four-cycle engines, and around the fuel injection valve 
the two, three, or four scavenging air valves are grouped. 
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The scavenging air is led to the head b}' a lai^e pipe (Fig. 157, Tosi), 
and thence to the valve chamber, tfarough'a passage oE ample cross-section 
cast in the head, and disposed so that the bottom wall of the head is water- 
cooled all over its surface. 

In Figs: 158 to 160 the plan and section of the head of a two-cycle Sulzer 
engine are given. 

Horizontal engines have heads similar to those of gas engines. 
Fig. 161 represents in section a head for a two-cycle horizontal M.A.N. 
engine. The fuel injection valve is homontal and placed on the cylinder 
ass, the scavenging valves are vertical, opposite and Buperimposed. 

At a is seen the starting air valve 
1 placed horizontally at the side of the 

head, and at 6 a drain cock is fitted. 
Horizontal four - cycle engines 
have a head similar to those de- 
scribed for two-cycle engines, except 
that the lower scavenging valve is 
replaced by the exhaust valve. The 
eshaust valve has no c^e, since it 
can be removed through the inlet 
valve chamber (see Plate XUL, 
facing p. 240). 

Cylinder Heads of Harine Engines. 
— The description given tor the 
cylinder heads of four-cycle land 
engines holds good for marine 
engines working on the same cycle. 
On the other hand, in the case of 
two-cycle marine engines, this part 
assumes many and various forms, 
according to the number, type and 
angle of the axes of the valves con- 
tained therein. 

Some heads only have a fuel 
injection valve (Fi^s. 34 to 36, p. 36, 
Polar), whilst others also have a 
starting air valve (Figs. 162 and 163, 
Sulzer). When valve scavenging is 
adopted, one (Figs. 164 and 165. 
1 M.A.N.), two {Figs. 100 and 101, p. 
-Cylinder Head of 89, Sulzer), or four (Plate XVIL, 
- ■ -■ - facmg p. 272) scavenging valves may 

be fitted. 

From this, necessarily, the internal pas.sage.s assume diiTerent shapes, and 
the upper and lower walls vary according as the valves are vertical or inclined. 
Calculation of Cylinder Heads.— Except in the cases of ea.iily determined 
sti'esses, such as those occurring in the cylinder head studs, calculation 
aids the designer but little, other than to give figures proportioned from 
experience. Calculations ser\'e to give a conception, more relative than 
otherwise, which, taken in conjunction with experience of other engines. 
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and ramembeTing always the exigenciea of the foundry, is sufficient for 
practical purposes. 

The head is designed largely as a result of individual opinion, after which 




Fig. 165. 
Figs, lei and 165.— Cylinder Head of Two-oycle Marine Engine (JI.A.N.). 

the thicknesses are checked by calculating the bending moments, whence the 
stresses are obtained from the moduli of the sections in elevation and in plan. 
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Of the two walls, the external one, theoretically, should be of the greatest 
thickness, since the cast iron of which it is made is in tension, due to the 
bending moments. It is essential, however, to remember that the bottom 
wall, during the running of the engine, is subject to high temperature. 
Besides this, the parts of the lower wall eociased by the external circum- 
ferential wall of the head, the radial webs and tlie walls of the valve pockets, 
are subject not only to the stresses common to the head as a whole, but also 
to those consequent upon considering these parts themselves as plates 
eemi-incastrated and subject to the cylinder pressure. 

Calculation of the stresses in these areas is impracticable, owmg to their 
irregular form, but allowance is made for them by making the lower wall 
of a somewhat greater thickness than the upper wall. It is, moreover, im- 
possible to take into account the stresses consequent upon the expansions and 
contractions due to the differences of temperature between the various part.3. 




Figfii 166 to 170. — FouT-oyole Engine Head dimensioQed to illuatrate Stress Calculations. 

The (oUowing calculatioa to check the dimensions of the head of a four-cjole engine 
shows the manner in which the stresses which the material ba« to withstand may be 
estimated. 

Figs. 188 to 170 represent the head dimensioned. 
D = the diameter of the cylinder = 330 mm. 
D, = diameter of the pitch cirele of the studs =>540 mm. 

D, = diameter between the centres of support, in this case the spigot, — assuming the 
prcasure between the joints varies as the distance from the inner surface ot the 
cylinder = 440 mm. 
P, = the diameter to the inner walls of the bosses surrounding the studs = 430 mm. 

To calculate the stresses, taking the maximum pressure at starting, which i» assumed 
as 46 kgs. per sq. cm. (840 lbs. per square inch), the total lond on the bead ia 

P = J D,' . p = about 88,600 kgg. 
M/ = 1 p(5j - 0-212 D,) = about 2.700,000 kg. mm. 
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To obtain the, stress in cross-section A (Fig. 166>» taking the top and bottom walk, both 
35 mm. thick, with the neutral axis central and 120 mm. from the top and bottom 
of the head, an. error of about 6 per cent, is introduced, but* in view of the rough approxi- 
mations used throughout this calculation, this i." negligible. 

I = 2 X tV (290 X 240» - 245 X 170») = 467,546,000 mm.« 
I 467,546,000 



Y 120 

The stress in the section A 



= about 3,900,000 mm.» 



M, 



if 2,700,000 



_ 3,900,000 
Y 



= 0*7 kg. mm.* 



To obtain the stress in cross-section B (Fig. 167). 

I = tV (14^ X 240» - 100 X 188» + 100 X 142» - 145 X 102») 

+ 2 X tV (20 X 240") + tV (145 x 240* - 100 X 170») 
< 

= about 310,000,000 mm.* 
I 310.000,000 



Y ~ 120 



=» 2,580,000 mm.^ 



2 700 000 
Unit stress on section B = q' * = about 1-05 kgs. mm.* (l,5CR) lbs. per sq. in.). 

To obtain the stress in cross-section C (Fig. 168) ; with a structure of such irregularity 
as a cylinder head, it is not sufficient merely to estimate the stresses in the cross-sections 
on the diameters ; the stresses should also be calculated for a cylindrical section, taking 
for instance that of diameter D^, of which the circumference touches the stud bosses and 
which is most stressed. The section is developed and the load \& assumed as concentrated 
on the circumference of the baricentric circle of f D^ diameter. 

The bending moment in the section C is 

M/ = *[ D,* . P . (^sJILiiy = about 65,500 x 72 = about 4,700,000 kgs. mm. 
4 ^ 

j^ ^ 1.350 X 240' _ 1.350 X HO- ^ ^^^^ i.ooT.OOO.OOO mm.* 
12 i^ 

I, -f Is = 2{ 0-049 (140* - 100*)} = about 27,800,000 mm.* 

I4 = 0-049 (70* - 30*) = about 1,137,000 mm.* 

20 V 170* 
^ ^ ^ x^i iKT- ^ ^^^^^ 8,188,000 mm.* ' 



Y = 120 mm. 

1 _ 1,044,1 25,000 

Y "" 120 

and the stress in section G 
4,700,000 



= 8,700,000 mm.* 



8,700,000 



= about 0*54 kg. mm.* (770 lbs. per square inch). 



To check the sections B and C, in relaiion to the stresses due to the tightening up of the 
nuts. 

With regard to this latter, the head is lo€ided on the circumference of diameter D^, 
and supported on the circumference of the spigot diameter D|. 
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Section C. — Supposing the load due to the nuts to be S = J P, then 

S = 34,250 kgs. 
M/ = 34,250 X 50 = 1,712,600 kgs. mm. 

Y = 8,700,000 mm.» 

1 712 500 
The stress in C due to the nuts = ^fiKKi\?^ — about 0-2 kg. mm.* (284 lbs. per square inch), 

80 that the total stress in G is 

0-54 + 0-2 = 0-75 kg. mm.* (1,070 lbs. per square inch). 



Section B. 



M/ = * . 34,250 (— ' - 5«] = about 646,000 kgs. mm.* 



^ = 2,580,000 mm.» 

Stress in B due to the studs is 0*21 kg. mm.* (300 lbs. per square inch), so that the 
total stress in B is 

1 •05 + 0-21 = 1*28 kgs. mm.* approximately (1,800 lbs. per square inch). ^ 

To allow for the effect of the pressure on the lower wall of the head it is given a thick- 
ness of 40 mm., leaving the upper wall 35 mm. thick. 

In this way the strength of the head, as a whole, is certainly increased and the lower 
wall of the head has a margin which experience shows to be desirable. 

As has already been stated, the unsupported parts of the walls have such an irregular 
form that the stresses to which they are subjected cannot be calculated in a sufficiei^ly 
approximate manner. 

Valves. — In order that the valves may be removed without lifting off 
the head, they should be contained in a separate casing or cage. The valve 
seat, which is conical, or very rarely flat, the guide for the valve spindle, 
and accommodation for the valve spring are formed in this cage.* Tightness 
is assured by a conical or flat seating between the cage and the head, and 
the cage is usually bolted to the head by means of a flange. 

The thickness of this flange, and that of the cage, should be ample to 
prevent deformation, which, on tightening up the nuts, might give rise to 
a leaky valve, or interfere with the free working of the valve spindle in its 
guide. With reference to the spindle guide, it should be added that the 
spindle should not be an exact fit in the guide, as lubrication of these siirfacea 
is difficult, and the expansion considerable, giving rise to a tendency of the 
spindle to stick, so that a clearance of about 1 mm. (0-04 of an inch) should 
be left. It is better to ensure true vertical movement by making the spring 
plunger a good fit. 

The valves are always of steel, except those for the exhaust, which often 
have cast-iron heads, the better to withstand the temperature (Fig. 173). 
The cages are almost always of cast iron. 

Inlet and scavenging valves, cooled as they are by the current of air 
which passes them, do not require any special provision to avoid excessive 
heating (Figs. 171, 172, and 175).* But in the case of those for the exhaust, 
which are subject every cycle to the burning of the exhaust gases, water 
cooling of the cage is necessary (Fig 173), except with diameters less than 



* Only in engines of the lowest power, where the smallness of the head permits of ready 
removal, are the guide and the valve seatuig machined in the head itself. 
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fiO to 70 mm. (2J to 2| inches). For larger valves the valve heads and 
spindles are also water-cooled (F^. 174). 




Fig. ni. 

Figfl. 171 and 172.— Types of S 



Fig. 172. 
n and Scavenging Vftlvefl. 



Fig. 174.— Watct-cooled Eshaugt 
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Fig. 175 shows the scavenging valve of a small marine Sulzer engine, 
the removable casing cover of which is not shown. This is a very common 
construction, and confines the deformation consequent upon tightening up the 
nuts to the casing cover. Other types of construction of cages and valves 
may be seen in the plates throughout the book. 

With four-cycle engines, the mean velocity of the air and of the exhaust 
gases past the valve seat is generally from 30 to 40 metres (98 to 132 feet) 
per second,* determined by the valve diameters, which are made as large as 
the design of the head will permit, and by the lift, which is always about 
one-fourth of the smaller diameter of the seating. 

As already stated, in order to provide 
valves of the largest possible diameter, small 
recesses are formed in the cylinder walls in 
way of the valves, and sometimes also the 
fuel injection valve is placed out of the centre 
of the head. 

It is difficult to calculate the diameters of 
scavenging valves for two-cycle engines, since 
the diameter and the lift vary with the pres- 
sure of the scavenging air, the speed of the 
engine, the time available for scavenging, the 
method adopted for scavenging, and, above all, 
the available space. 

Valve springs may be calculated for a 
load of 0-5 to 0-6 kg. per sq. cm. (7 to 8*5 lbs. 
per square inch) on the area of the valve ; for 
high-speed engines the accelerating force, which 
the spring gives, should be sufficient to keep 
the valve spindle in contact with its operating 
mechanism when the valve is closing. The 
method for this calculation is explained in 
the following chapter. 

Fig. 17G represents a starting air valve ; 
the fiange is often separate, and holds the 
cage against its seating machined in the 
cylinder head. A joint at g maintains tight- 
ness against external leakage. The air enters 
from the passage e, and fills the whole of the 
valve chamber and the interior of the cage. 

The air pressure tending to open the valve 
is balanced by the large portion of the spindle 
at c, in order to avoid the necessity of an 




Fig. 175. — Scavenging Valve 
and Cage of Small Marino 
Sulzer Engine. 



♦ By the mean velocity is understood that obtained from the formula A . V = o . r, 
in which A and V are the area and the mean velocity of the piston, v the velocity of 
the gas, and a the area through the valve opening. If A is the lift of the valve and d 

its smallest diameter, a = 7: . d.h, and since h is never much less than -, it may be said 



that a = about . d*, and so 

4 



V =■ about 



4A.V 

7td^ ' 
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excessively strong spring to keep the valve shut. It is desirable, however, 
to provide a fairly strong spring for this valve, since any appreciable leakage 
during the compression stroke may make it impossible to start the engine. 

The part c of the valve spindle is frequently provided with small spring 
rings similar to those used with the main piston. 

The starting air valve of a Sulzer marine engine is shown in Fig. 177. 



Pig. ne — ^Typical Starting Air Valve. 

The compressed air enters the chamber a ; c and C| ate the two conical seatings 
ensuring external and internal tightness respectively. The spring rings « 
carried by the enlargement d of the valve spindle serve for the usual balance 
of pressures. ' 
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With large M.A.N, horizontal engineB, the starting air valve is actuated 
by a small compreaaed air piston instead of the usual lever mechanism. The 
starting air enters through tBe passage a (Fig. 178).* The air for acting 



Pig. 178.— Starting Air Valve of M.A.N. Horizontal Engine. 

on the smalt actuating piston is controlled by a small distributor, and enters 
by the pipe s-t 

Fuel Lljectton Valves. — The fuel injection valve is one of the characteristic 
parts of tlie Diesel engine. Its functions are twofold : firstly, that of a valve 
to introduce the fuel oil into the cylinder at the correct moment ; and, 
secondly, that of a spraj^er to divide the fuel into minute particles. 

The valve proper is formed by the needle 6 {Fig. 181), ending in a cone, 
held on a conical seating by the valve spring (Figs. 181 and 184). The lever 



* Zeilsrh. dt* Vfr. dent. Ing., ISll, p. 1313, ti evj. ' 

t The distributor is a cylindrical valve s (Figa. 179 and 180) actuated by a cam, Thft 
cock h aervea to throv the distributor io and out of gear by opsning or cutting off the 




Figs. 179 and 180.— Actuating Mcchaniam of Starting Air Valve of U.A.N. 
Horizontal Engine. 
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c, actuated by a cam, raises the needle at the required moment, establiBhing 
communication between the fuel injection valve casing and the cylinder. 

Spraying is effected by means of a number of washers (Figs. 183 and 184). 
provided with small holes, and by a cone grooved along ita generating lines., 
threaded on a tube g also of bronze (Fig. 181).* 

The steel diaphragm (Figs. 181 and 184), having a small hole at the 
centre, plays a certain part in the spraying action. 



^ 



Fig. 181. Fig. 182. Fig. 183. 

Figa. 181 to 183.~Fae1 Injection Valve. 

The oil, delivered under pressure from the fuel injection pump, is led 
into the fuel injection valve just above the perforated washers, and high- 
pressure compressed air from the fuel injection bottles fills the aimulus 

* In some Sulzer fuel injection valves the tube is of bronze, bat the waahera and the 
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Bunouading the sleeve g. When the valve spindle lifts, the air at 50 to 70 
atmospheres — 700 to 1,000 Iba, per square inch— rushes into the cylinder, 
in which the pressure is 30 to 35 atmospheres — 430 to 500 lbs. per square 
inch— drawing with it the oil, which, in passing through the holes in the 
washers, the channels in the cone (causing the particles to become greatly 
.agitated), and the orifice washer o, is divided into a fine mist. The fuel 
oil in this divided state enters the hot combustion chamber of the cylinder 
at the* end of the compression stroke, and spontaneously igmtes. The 
combustion takes place practically at constant pressure throughout the 
period of the stroke during which the oil continues to be forced into the 
cylinder. ' ; 



Fig. 184.— Sprayer of Fuel Injection Valve. 

The valve actuating gear is generally arranged in such a way that the lift 
and time of opening of the valve are not variable with the load on the engine, 
on account of which, if the difference in pressure between the interior of the 
fuel injection valve casing and the cylinder remains constant, the velocity 
of efflux and the quantity of air issuing with each working stroke do not 
vary, irrespective of the power the engine may be developing. 

On the other hand, the quantity of oil delivered by the fuel injection 
pump, and therefore the quantity of oil which finds its way into the fuel 
injection valve for each combustion stroke does vary with the load, it 
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will be seen that if the velocity of the efftux of the air is couGtant, the 
velocity with which the oil is drawn by it into the cylinder will also be 
constant, whatever may be the quantity delivered by the fuel injection 
pomp as determined hy the load on the engine, but the varying quantity 
of fuel will require different periods of time for its injection. 

It is for this reason that in the indicator diagrams of a Diesel engine 
the load influences only the duration of the period of combustion, in exactly 
the same manner as it would influence the period of admission with a st«am 
engine having variable expansion. 

It has been seen (p. 57) that the thermal efficiency of the constant- 
pressure cycle increases as the period of fuel injection decreases, which is 
perfectly rational ; the only objection which can be raised is that at very 
low powers there is an appreciable loss of fuel injection air. In fact, since 
the time of opening of the valve is constant, 
whilst that of the'injection of the oil is vari- 
able, the air continues, after the fuel oil con- 
tained in the casing has been injected, to expand 
uselessly into the cylinder until the valve has 
closed. 

Some engines of high power are provided 
with a mechanism varying the lift of the fuel 
injection valve (Fig. 219, p. 153). Otherwise. 
as an expedient for obviating the loss of fuel 
injection air above mentioned, its pressure is 
reduced when the engine is not developing its 
full power. 

The fuel injection valve is composed of a 
cast-iron casing in which ia screwed a bronze 
tube to carry the perforated washers and the 
atomising cone. The casing is kept on its 
conical sea<7 by a casting secured to the 
cylinder head by two or tour studs of large 
size. In this upper casting or casing cover is 
carried the stuffing-box e for the valve b (Fig. 
181), and this casing cover is connected to the 
valve spring box by means of arms between 

which the valve lever c works. _. ,„. „ , ,. „._ „ 

m, , ^, 1 .. J 1. Fib. 18a. —Fuel or Ait Pipe Con- 

The pressure of the sprmg is regulated by ncoUon to Fuel Injection Valve, 
a screw, which permits the tension being 

taken off the spring before dismantling. The check nut on the valve serves 
as a seating for the lever c, and regulates the clearance between the cam and 
the roller when the valve is in the closed position. 

The stuffing-box is formed by a nut and a neck bush, between which 
packing of well hammered lead or white metal shreads is generally provided. 
A little graphite mixed with the shreds of the metal gives the requisite pro- 
perties of softness and lubrication. 

The fuel and the compressed air are led to the fuel injection valve by 
two copper or solid drawn steel pipes (that for the air slightly larger than that 
for the fuel), which are attached to the casing by means of bronze unions 
(Fig. 185). 
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The air entera the casing directly at the top, and the fuel, by means of 
small hole§ drilled in the metal, ia led to just above the perforated washers. 

The drilling of these long and small holea presents certain difficulties, 
to overcome which recourse is sometimes had to other expedients, such as 
leading the fuel into an annulus formed between the internal wall of the 
casmg and a copper sleeve provided at the bottom with small holes. 

The fuel injection valve described corresponds generally to the type 



Fig. la6—8eotioii through Salzer Type of Fuel Injection Valve. 

used by almost all the notable constructora of Diesel oil engines (M.A.N., 
L.W., Tosi, Grazer, ete.). A construction difiering, however, from the one 
described is that of the Sulzer type and its derivatives, illustrated in Figs. 
186, 187, and 188. In this case, the valve lever does not act directly on the 
valve spindle, but indirectly through the medium of a horizontal shaft, the 
part a of which is reduced in diameter, and fixed at one end, acting in this 
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way as a torsion spring (Fig. 188). For tightness, a. atuffing-box e is 
provided. * 

The valve lever is carried thus to one side of the valve casing, and as 
shown in Figs. 187 and 188, is so constructed as to permit of the withdrawal 
of the fuel injection valve without interfering with the valve lever. 

In the following chapter the manner in which other constructors have 
achieved the same result i^ exemplified. 

The Uesselman (Polar-Benz) fuel injection valve, part of which is shown 
diagrammatical) y in Fig. 189, is quite different from the ordinary type. 

The main characteristic is that one special part serves instead of the 
perforated pulverising washers and the grooved cone of the usual type. 
This special part surrounds the spindle with a little clearance, which is in- 
creased at the bottom to form a species of ejector a, through which the fuel 
injection air passes (as shown by dotted arrows in Fig. 189). 

The fuel oil is led as usual to the bottom by means of holes drilled m the 




^'%. 



cast-iron casing, and when the valve is shut the oil reaches a certain level, 
depending only upon the quantity delivered by the pump. When the valve 
lifts, since the pressure of the air acts on the upper surface of the fuel oil, 
while the pressure in the ejector is reduced due to the air entering the 
cylinder, the oil rises in the narrow oblique holes and flows into the ejector a, 
where the current of air draws it into the cylinder. If the drop of pressure 
produced by the ejector is sufficient to produce a given maximum head A, 
measured from the level of the oil in the annulus between the atomiser and 
the casing and that in the small oblique passage, then, when the column of 
oil in the external annulus is lower than given by height h (see Fig, 189), 
the fuel automatically ceases to be drawn into the cylinder, and the combustion 
period is finished. On this account, the level of the oil in the casing varies 
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with the quantity of oil delivered by the pump, but, at the end of the com- 
bustion period, is always lower, by the height k, than the upper orifices of 
the oblique holes. 

This fuel injection valve has the advantE^ over the usual type that 
regulation of the pressure of the fuel injection air with the variation of the 
load is not reqmred, but the design does not lend itself to the easy adjust- 
ment that in other types is obtained by varying the number of the pulverising 
washeTS and the diameter of the holes in them. 

Another interesting and original design is that applied to horizontal 
engines of the Lietzenmeyer and similar types (Dingier, Kdrting, etc.). 
This design has been evolved to remove from the fuel injection pump the 
necessity of working against the pressure qf the fuel injection air, to diminish 
in this way the power thereby absorbed, as well as leaks, and the necessity 
for very well-made joints and 
carefully packed glands, etc. 

This fuel injection valve ia so 
disposed (Fig. 190) that, instead 
of opening or closing the com- 
munication between the valve 
chamber and the cylinder, it 
opens or closes the conducting 
passage for the injection air, 
whilst the pulverising chamber 
is always subject to the pressure 
of the cylinder, with which it ia 
in direct communication. It is 
sufficient then that the fuel in- 
jection pump should deliver 
during the suction and exhaust 
strokes of the engine, in order 
that the pressure against which 
it works may be a negligible 
quantity. 

When at the correct moment 
the valve opens, the influx of air 
draws the quantity of oil, pre- 
viously delivered by the pump, 
through the pulverising media 
into the cylinder in the usual 
finely divided state. 

This valve serves also as a starting air valve in the following way :— 
The cam which serves to actuate the injection valve is doubled — i.e., along- 
side the nose of the injection cam is another for starting the engine, capable 
of lifting the valve with a slightly retarded opening and for a slightly 
longer time. The roller of the fuel injection valve push rod may be 
displaced axially, so as to roll on one or other of these two cams. When it 
is desired to start the engine, all that is necessary ia to place the roller on 
the second cam, and to open a stop valve permitting communication with 
the cylinder through a passage of larger diameter than that of the injection 
washer of the fuel sprayer. 
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Figs. 193 and IM.~DetAila of Dingier Tjrpe Fuel Injection Valve. 
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The constructive features of a fuel injection valve of this type (Lietzen- 
meyer) are to be seen in Figs. 191 and 192 ; Figs. 193 and 194 show the 
Dingier type.* 

A special fuel injection valve is used in Sabathe engines, which work on 
the mixed combustion cycle (Fig. 56, p. 47). 

The fuel is injected in two phases ; the first, when the piston is at the 
top dead centre, produces combustion almost at constant volume, and the 
second, entering lat^r for the second phase, gives combustion at constant 
pressure. At reduced powers the part of the diagram at constant 
pressure is greatly shortened, as in Diesel engines,, or is even entirely 
eliminated, in which case the cycle is that of an explosion engine. 
In Fig. 195 is shown the diagrammatic arrangement of a fuel injection 
valve of this type. Compressed air fills the spaces e, and also a, through the 
channel provided in the guide of the valve g. The fuel is led into the lower 
space a, which is insufficient to contain all, and it overflows by means of the 
hole c, into the annulus e ; when the valve commences to lift, first, the fuel 
contained in a is driven into the cylinder, producing thus the phase of com- 
bustion characterised as that at constant volume ; then the valve continuing 
to rise lifts, by means of two projections with which it is provided, the second 
valve g permitting the remaining fuel contained in the annulus e to enter the 
cylinder and to produce the phase oicombustion at constant pressure. When 
the power varies, and with it the delivery of the pump, the quantity of fuel 
which overflows through the hole is also varied, and whilst the phase of com- 
bustion at constant volume remains unchanged, that at constant pressure 
is varied. At low powers the quantity of fuel is insufficient to reach the level 
of hole c, and combustion at constant pressure is entirely eliminated. 

The general arrangement of the valve actuating gear is seen in Fig. 196, 
by means of which at reduced loads the lift of the valve itself is varied, and 
at very light loads the valve g (Fig. 195) is not lifted ofE its seat, thus giving 
economy of compressed air. This latter consideration is of considerable 
importance, as this engine is designed for special application to marine 
propulsion where a reduction of load means a reduction of revolutions — 
i.e., an increase of the time dujing which the fuel injection valve is open, 
and a consequent large augmentation of the quantity of compressed air 
used. 

* Zeitsch, des Ver, deut. Ing., 1911, pp. 1313, ei seq. 
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CHAPTER X. 

VALVE ACTUATING GEARS. 

In this chapter the valve actuating gears of Diesel engines will be considered, 
dealing only with the tjrpes suitable for engines which rotate in one 
direction. 

In this category all land engines are included, and, as will be seen, certain 
marine engines where special means are provided, either in the propeller 
shaft or embodied in the propeller itself, to reverse the direction of motion 
of the ship without altering that of the main engines. 

Some of the best solutions of well-kno^^^l constructors to solve the 
problem of the reversal of marine engmes will be given in the following 
chapter. 

The valves of Diesel engines are always positively operated, generally 




Fig. 197.— Diagram of Eccentric and Rolling Lever Valve Actuating Gear. 

by a lever actuated by cams and in some cases by eccentrics (Fig. 197), in 
which case an arrangement of rolling levers to increase the velocity of lift 
and of closing the valve is necessary.* The eccentric drive is more expensive 
than that by means of cams, and is rarely met with. 

The diagram (Fig. 198) shows the general arrangement of the , valve 
actuating gear for most four-cycle Diesel engines, in which the cam shaft 
e revolving at half the speed of the engijae crank shaft carries the cams a-p^c^di 



* For calculations relating to rolling levers, see H. Dubbel, Orossgaamaschinen, Berlin, 
1910, p. 69, et seq., and also Holzer, Wdlzhebel, Zeitsch des Ver, deut. Ing., 1908, p. 2043, 
^ aeq. 
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acting upon the levers ^abcd of the suction, fuel injection, starting air and 
exhaust valves respectively. The fixed shaft gg attached to the cylinder 
head by two pillars (see Fig. 152, p. 118) acts as a fulcrum for these levers. 
Levers a and d are mounted directly on the shaft gg, whilst b and c, for 
the fuel injection and starting air valves respectively, pivot on an eccentric 
sleeve, working in its turn upon the shaft g g, and provided with a lever o, 
of which the function will be explained later. 




Fig. 198. — Diagram of Valve Actuating Gear for Four-cycle Engine. 



The levers a, c, and d have rollers towards the outside of the cam shaft, 
so that the cams in acting upon them open the valves downwards, whilst 
the lever b of the fuel injection valve has its roller inside — i.e., between 
the cam shaft and the cylinder — so that the cam in this case may lift the valve. 
The design of the various valves discussed in Chapter IX. necessitates this 
particular arrangement of drive. 
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Tbe function of the handle aad of the eccentric sleeve, upon which the 
levers b and c are mounted, ia clearly shown in figs. 199 to 201, in which 
e is the starting air valve roller and c that for the fuel injection valve. When 
the handle is in the horizontal position (I) the eccentric sleeve to which it 
is connected removes the roller c of the fuel injection lever away from its 

I 




Figa. 199 to 202. — Function of Cam and Eccentrio Sleeve for Starting Air and 
Fuel Injection ValveB. 



approach its cam by 



cam, and causes the roller e of the starting air 
the same amount. 

The displacements arc such that the cam does not act on the roller c. 
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and the fuel injection valve does not lift, whilst, on the other hand, the 
starting air valve is in action. When the handle is in this position, the engine 
will start to run on compressed air as soon as the starting air bottles are 
put in connection with the starting air valve. By moving the lever to the 
vertical position (II), exactly the opposite occurs — i.e., the fuel injection 
valve is brought into action, whilst that for starting is thrown out of gear, 
since its roller is lifted from the cam to prevent contact taking place. This 
position corresponds to that of normal running. 

In the intermediate position of the lever (III) neither of the two valves 
are in action, and the engine will stop. 

The general arrangement of tKis very simple mechanism for manoeuvring, 
as usually applied, is seen in Fig. 202, ^hich also shows the. arrangement of 
the fulcrum shaft. In some cases, to avoid the necessity of ascending to the 
top platform to manoeuvre the engine, the handle is brought to a lower 
position on the engine, and acts on the sleeve through tie-rods, and in certain 
multi-cylinder engines provision is made to permit of one lever operating 
at the same time the valve gears of all the cylinders. This provision — 
necessary with marine engines — makes the operation 9f starting less 
troublesome, although in land installations rapidity of manoeuvring is 
not of great consequence, and it is often preferable to put the cylinders 
into action one at a time, commencing with the one which experience has 
shown to be the readiest starter, whilst the others continue to be run by 
compressed air. 

For land engines many constructors, to effect economy of production, 
provide starting gear on only two or even on one cylinder with engines of 
three or four cylinders. 

The valve actuating gears of two-cycle engines depend to some extent 
upon the method of scavenging. The exhaust always takes place through 
the exhaust ports cast in the cylinder, and the regulation of the time of 
operation of the exhaust is dependent upon the piston travel, §o that there 
are no exhaust valves in the cylinder head. 

If the scavenging air is also introduced by ports, the valve actuating 
gear proper is confined to the starting air and the fuel injection 
valves. 

On the other hand, with cylinder head valve scavenging by means of 
one, two, or four such valves, as explained on p. 122, these valves are always 
simultaneously opened and shut, and the general arrangement of the valve 
gear is frequently similar to that shown in Fig. 203. 

The cam shaft e e revolving at the same velocity as the crank shaft, 
carries the cams c^ and b^ for the starting air and fuel injection valves, and 
the two cams di d^ identical in every way with one another, and kTeyed on 
at the same angle as each other, for the scavenging valves. 

The scavenging valve levers at r r act upon the front pair of valves, and 
by means of hooks d d connect with two other levers moving about the fixed 
pins gi Qij which in their turn operate the back pair of valves at r^ r^. 
Since the distance between the points d and the fulcrums g and Qi are 
equal, and the distance d r i& equal to d /j, the lift of the four valves will 
be the same. 

For equal lifts 'giving the same period of opening of the four valves, 
besides the arrangement described, which is shown in its application in 
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Fig. 204 (Carels), many others may be devised, including that ol four levers 
and four independent cams. 

In Fig. 205 the Sulzer valve actuating gear for two-cycle engines is shown. 
There are four scavenging valves (the two shown in the figure are indicated 
by a), whilst b is the fuel injection valve and c the starting aii valve. The 
four scavenging air valves are actuated in pairs by two levers^operated by 



two identical cams keyed on to the cam shaft at the same angle ; e is the 
usual fulcrum shaft and g a fulcrum pin, placed so that the distance from 
3 to c is equal to that between the pins of the crosshead d. This system of 
two shafts with the crosshead d, the actuating lever and.tke link I, forma a 
parallelogram, which ensures equal lifts and equal openings for the couple 
of valves a a ; the shaft g serves also as a fulcrum shaft for the starting air 
valve lever. 

10 
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Valve Levers. — ^From the constructive -point of view, the cams and the 
levers for the inlet, exhaust or scavenging valves are generally similar to those 
shown in Figs. 206 and 207. A roller of hardened steel rotates on the nose 
of the cam and causes the lever to turn about its fulcrum. The spring which 
holds the valve on its seat also causes the roller to remain in contact with 
its cam during the periods of opening and closing of the valve. The lever 
acts upon the valve by means of an adjustable pin, which admits of the 
clearance being varied between the lever roller and the circular part of the 
cam when the valve is shut. This. clearance is generally between 0*5 and 
1 mm. (y^j^ and y^^^ inch). 

In some engines the valve levers are not directly acted upon by the cams, 
but receive their motion through push-rods, on the extremities of which the 




Figs. 206 and 207. — ^Type of Lever and Cam suitable for either Suction, Exhaust, 

or Scavenging Valve. 



rollers are mounted (Fig. 208). This arrangement is adopted generally to 
permit of the cam shaft being in a lower position on the engine. 

With high-spe ed -fiagines^ especially those working .on the two-stroke 
cycle,^ every "effort is naade to reduce the dimensions of the lever to the mini- 
mum.^ ^i^ong levers are necessarily heavy, and if the opening of the valve 
Is rapid, recourse must be had to an extra strong spring, to give, during the 
period of shutting, suflScient acceleration of the valve to maintain contact 
between the cam and its roller. Moreover, with high-speed engines, long 
levers are apt to cause noisy working, with a greater chance of breakdown. 
Rolling levers (Fig. 197, p. 140, and Figs. 246, 246, p. 173, Fiat) are 
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adopted primarily for reaBons of ailence, and in some caaes (Fig. 209, Carels) 
the levere are totally eliminated and the cams act directly upon the valvee. 
To remove the valve for inspection, it U usually necessary first to dismantle 
the fulcrum shaft with all ite levers ; but in Fig. 205 a design to permit 
of dismantling the valves without this extra work bemg necessary is clearly 
shown, and renders comparatively simple an operation that is complicated 
and of fairly frequent occurrence, and one requiring great care, especially 
with very large engines. , , ., - i 

The levers are divided and held together by a bolt, whilst two cmiular 
keys ensure exact registration of the two parts. To dismantle the valve, 
it is sufficient to slack back the bolt, and remove the horizontal part of the 
lever. A similar system is adopted by Tosi for large engines. 

The valves which it is necessary to examine moat frequently are those 




Fig. 208.— Diagram of Valve Lever indiieotly 
(ipcrat«d through a Push Bod. 



Fig. 209.— -Scavenging Valve diceotly 
operated by Cam. 



for fuel injection and starting air, and for these some system to permit of 
ready dismantling without interfering with the remainder of the valve gear is 
most urgently required. Besides being fitted to large engines, arrangements 
satisfying this condition are applied to small engines, and have the further 
advantage of permitting the variations of the clearances between the cam 
and its roller being more conveniently made than with a nut and check 
nut on the fuel injection valve spindle, as illustrated in Fig. 181, p. 131. 
Such a system has been described in connection with the Sulzer fuel injection 
valves (Figs. 186, 187, and 188, pp. 134 and 135). 

A difierent design, adopted also by Messrs. Sulzer, is illustrated in Fig. 
210, consisting of a split lever similar to that for the scavenging valves (Fig. 
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205), in which a pin with a locking nut is substituted for one of the keys, 
and serves conveniently to adjust the clearance between the roller and the 



cam. 




Fig. 210. — Snlzer Type of Valve Aotuating Lever giving easy Access 

to Valves for Examination. 

One of the earliest and most satisfactory constructions is that of Langen & 
W<Jf (Rg. 211), where the pin o only requires to be removed to permit of 





Fig. 211. — Fuel Injection Valve Actuating Lever (Langen & Wolf). 



the dismantling of the fuel injection valve, and the set screw e serves to adjust 
the clearance between the roller and the cam. 
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The arrangement shown in Fig. 212 has been recently adopted for Toei 
engines. 




Fig. 212. — ^Diagram of Tosi Fuel Injection Valve. Actuating Gear. 

Ganr Sbatt and Bearings. — With four-cycle engines the cam shaft 
is generally driven by gear wheels of the helical type, which reduce 




Fig. 213. — Arrangement of Spiral Gearing for driving Cam Shaft. 
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the number of revolutions of the shaft to one-half that of the engine 
crank shaft. 

With two-cycle engines the speed of revolution of the cam shaft is the 
same as that of the engine crank shaft. The gear wheels are enclosed (Fig. 
213) in a casing containing the lubricating oil and carrying a bearing for the 
intermediate vertical shaft, which latter runs at the same speed of revolution 




Fig. 214. Fig. 216. 

Figs. 214 and 215. — ^Type of Horizontal Cam Shaft Bearing Braokete. 



as the engine. The. governor is mounted on the vertical shaft above or 
below this casing. 

The horizontal cam-shaft bearings are often provided with ring lubrication 
(Figs. 214 and 215), and are carried in brackets. These brackets are bolted 
to the cylinders or to the framing, and may be two in number for each 
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cylinder, or of the same number as the cylindeni plus one. Their aJignment 
is adjusted during erection and fixed by spigots or dowel pins. 

llieie are also examples of these brackets being secured to the cyllndeT 
head instead of to the framing, and also of the cam shaft brackets being cast 
in one piece with those for the fulcrum shaft (Fig. 216). The first of these 
amuigemente, however, ia inconvenient, especially with multi - cylinder 



Fig. 216 F^locUm Sh&ft Braoket 

cast in one piece with Cam Shaft 
Bracket, aaa secured to Cylinder 
Jacket instead of Head. 




Fig. 218.— Cam for Fuel Injection Valve. 



engines, since it makes it necessary to dismantle the cam shaft whenever 
it is required to lift oS the cylinder head. 

Cams. — The cams are secured to the cam shaft by keys or pins, at an 
angle determined as a result of the shop trials of the engine, for which trials 
it is sufficient to secure them simply to the shaft by set screws. The foim 
of the suction and exhaust cams is seen in Figs. 206 and 207, p. 147, whilst 
that for the fuel injection valve ia represent^ by Figs. 217 and 218. The 
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nose of the latter is separate from the body of the cam, and is secured 
thereto by two screws passing through two elongated holes in the nose 
piece, allowing the moment of opening of the valve to be advanced or 
retarded without displacing the cam on the cam shaft. From the indicator 
diagram, during the shop trials, the most suitable position for this nose is 
determined, and it is permanently fixed by two iron packing pieces, as 
shown in Fig. 217. 

As explained when dealing with fuel injection valves, a saving in 
compressed air is effected at reduced loads, especially with large engines, 
if the lift and duration of opening of the fuel injection valve can be 
reduced. 

Fig. 219 shows the arrangement adopted by Sulzer to serve this end. 
The cam of the fuel injection valve consists of two discs e, between which 




Fig. 219. — Arrangement for varying lift and duration of opening of 

Fuel Injection Valve ^Sulzer). 



the roller a, serving in place of the nose piece of the ordinary form of cam, 
is held. The fuel injection lever has two other rollers working on the 
discs e, and connected with a link c of special form, attached in its turn to 
a compressed air servo-motor acting in accordance with the load on the 
engine. The roller a passing the link c moves it more or less, and so gives 
to the fuel injection valve a greater or smaller lift according to the inclination 
of this link o. 

To permit of the rapid acceleration of the engine during starting, arrange- 
ments are made in some designs to diminish the engine compression during 
these periods, as is frequently done with gas engines. Means are generally 
provided to hold open one of the valves when it is wished to turn the engine 
by hand to the desired crank position prior to starting, or some other method 
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is adopted to reduce the compression. Fig. 220 shows such an arrangement 
(L.W., Tosi, M.A.N.). 

The cams are usually of forged steel, whilst that for starting may be of 
hard cast iron, as is also the fuel injection cam, which is provided, however, 
with a nose of hardened steel. 

The profiles of the suction, eichaust and scavenging cams are almost 
always composed of two tangents to the base circle, meeting an arc of a circle 
with a radius equal to that of the base circle plus the lift of the valves. These 
tangents should not be too short — to avoid high velocities of lift of the valve — 
nor so long as to shorten too greatly the time of full opening of the valve. 
With normal cams the tangents make an angle of about 50°. 

It is very necessary to take into account the clearance between the rolLsr 
and the cam when fixing, firstly, the points at which the tangents meet the 
base circle and, secondly, the radius of that base circle. 




Fig. 220. — ^Arrangoment for holding Exhaust Valve open while turning 

f^ngino by hand. 



If c represents this clearance (Fig. 221), the effective angle of opening of 
the valve becomes d instead of c, and the value of the maximum lift is a instead 
of a^: Given this method of construction of the cam profile, the lift of the 
valve is influenced by the value of the diameter h. 

. Perhaps the most rational method of determining the most suitable 
diameter is by comparing the diagrams for the valve lifts corresponding to 
the various piston positions with that of the piston velocities in these 
positions. The more similar these two diagrams, the more constant 
will be the velocity of the gas through the valve area, and the better 
the cam profile. 

With Diesel engines, the diameter h is usually about double the smaller 
diameter of the valve head. Besides the type of profile described, composed 
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of tangents and arcs of a circle, others have been proposed ; for example, 
the polarsinoid cam (see Fig. 222a).* 

The necessity for clearance between the roller and the cam prevents the 
action of this mechanism from being gentle and silent, and indeed the profile 
of the nose of the cam being tangential to the base circle of diameter h, and 
not to a circle of 6 + 2c, causes the valve to commence its lift and to retui-n 
to its seat with a finite velocity. To avoid this, the cam indicated di^^ram- 
matically in Fig. 222 t may be applied, but* the necessary exactness in adjust- 
ment causes certain inconvenience, and to take account of the expansion 
of the valve stem under working conditions is extremely difficult, and detracts 
seriously from the theoretical advantages of this form. 

The profile of the cam for the fuel injection valve is arrived at by means 
of experiments, and the opening of the valve is arranged to take place so that 
combustion may be produced as nearly as possible at constant pressure. 
Theoretically, supposing instantaneous delivery in proportion to the lift 
of the valve, the form of this cam should be that of a sine curve, t 
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Fig. 221. Fig. 222. 

Figs. 221 and 222.— Profiles of Cams. 



Having designed the cam and calculated the spring, it is always desirable, 
especially with high-speed engines, to make sure that the spring is strong 
enough to give the valve sufficient acceleration to maintain constant contact 
between the roller and the cam. For this to be the case, the sum of the 
forces acting upon the stem of the valve in the direction of opening 
should at any instant be less than the pressure of the spring in the opposite 
direction. , 

The forces acting upon the valve Item are the weight of the valve and 
the unbalanced weight of the valve actuating gear, which may be said to 



* Hartmann, Zeitsch. dea Ver. deut. Ing., 1905, p. 1627. 

t See Engineeringy 7th July, 1912. 

X See BeUuzzOy Questions relating to Internal Gombusiion Engines, Industria, 1912. 
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act on the valve centre, the friction, the difference of pressure on the two sides 
^ of the valve, and the accelerating forces of the movement given by the cam. 
/ The calculation for the spring need not be made with extreme accuracy, 
and it is sufficient that the reaction of the spring should always exceed the 
forces stated by an amount sufficient to compensate for unforseen factors. 

This question may be elucidated by diagrams, neglecting those forces of 
lesser importance ; for example, the small loss of pressure consequent upon 
wire drawing of the gas through the valve opening, and also the friction. 

In Fig. 223 the curve of valve movement is drawn with the abscissse 
representing time and the ordinates the lifts h of the valve. From this curve 




Fig. 222a. — Graphic Method of drawing Polarsinoid Cam. 

another representing -^ may be drawn, in which the ordinates represent 

. dv 

the velocity v at any instant, and thirdly -^, the curve of accelerations a * 



* To construct this curve, it should be x^membered that to integrate any carve what- 
soever, the value of the angle between the tangent to that point on the curve and the 
axis of the abscissae is taken ; substituting then the arc of a circle for any part of the 
curve a tangent is drawn to any point ji for which it is desired to find the integrated 
value, and this tangent makes with the abscissso an angle a as shown in Fig. 223, the 
value of the tangent of which gives the new point P|. In Fig. 223, m is the unit used for 
the velocity curve and n that for the acceleration curve. 



VALVE ACTUATING GBAE3. 157 

may be obtained. The third curve to another scale gives the forces of 
acceleration (F = C.a.m, where C is a constant and m the mass). The 
algebraic Bummation of the ordinates of the curves of weight, friction, etc., 
will give a method of indicating the action of the resultant forces acting on 
the valye. These should be at all points less than the pressure of the spring. 

The curve of the pressures of the spring is similar t« that of the lifts of 
the valve, since the pressures exert«d by the spring vary with its compression, 
and therefore with the lifts of the valve. 

Valve Setting Dtagrams.— The angle d at the centre of the cam (Fig. 221) 
depends upon the duration of the time of opening which it is desired to give 
to the valve. 

The valves always open a little earlier and shut a little lat«i than theoreti- 
cally required by the cycle, in order to give sufficient time for the mass of 
the fluid to acquire a certain velocity, and to take advantage of the inertia 
elTect of this assumed velocity. 

Fig. 224 represents diagrammatically the movement of a point on the 



Fig. 224. — Diagram of Valve Settinga referrod to Cmnk of Four-cycle Engine. 

crank circle for a four-cycle engine, supposing that a spiral replaces the 
circle, or, in other words, that the engine is moving axially forwards. 

The angle of advance a of the suction phase is about 20°, and the angle fi, 
during which the valve remains open after the bottom dead centre, is generally 
of about the same value. 

The fuel injection valve opens at an angle of 2° or 3° before the top dead 
centre for slow-running engines, and 6° or 7° for those of high speed, and 
remains open for 30° to 40° after the same dead centre. 

The exhaust valve opens with an angle of advance e of 30° to 40", and 
closes at an angle of fl, 10° after the top dead centre. 

The starting air valve opens after the crank has passed the dead centre 
by a small angle i, and with land engines remains open for about 30 per 
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cent, of the stroke, whilst with marine engines the time of opening depends, 
as will be seen, upon the number of cylinders and upon the cycle. 

The same diagrani of valve settings for a four-cycle engin^ is shown in 
Fig. 225, referred to the cam shaft instead of to the crank shaft. Since this 
cam shaft revolves with an angular velocity of half that of the crank shaft, 
the cycle is completed in one revolution, and the various periods of opening 
are given by an angle having a value equal to one-half that of the duration 
of the corresponding phase referred to the crank shaft, as shown in Fig. 224. 

In drawing the cam, the angle d at the centre (Fig. 221) is taken. For 

a B 
example, for a suction valve, d = 90° + « + s^, aiid for an exhaust valve, 
£ d II 

With marine engines provision must be made so that the engine will start 




Fig. 225. — Diagram of Valve Settings referred to Cam Shaft of Four-cycle Engine. 

from all crank positions, and, therefore, one cylinder must always be in the 
starting position with a starting air valve in action. To satisfy this condition, 
the angular duration of the lift of each starting air valve should be such 
that the sVim of these angles for all the cylinders is equal or greater than the 
angular period of revolution of the crank shaft corresponding to one complete 
cycle. 

In this way the starting air angle for each cylinder should be 



720° 



9 > for four-cycle engines, 



n 



and 



9 > for two-cycle engines. 



in which n represents the number of cylinders. 
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Tliis condition must be satisfied, but since the exhaust always commences 
about 40° before the dead centre, the angle available for admission and 
expansion of the starting air is only about 140°, and the condition that 
9 < 140° must also be satisfied, to prevent the starting air valve from being 
open at the same time as the exhaust when compressed air would blow 
uselessly into the exhailst pipe. 

From the foregoing it is clear that with four-cycle engines six cylinders 

at least are required to render starting certain, whatever be the position 

720 
of the crank shaft, and then 9 = - = 120°, whilst with four cylinders 

720 ' . . 

9 = = 180°, which is greater than can be allowed.* 

With marine four-cycle engines of less than six cylinders, starting must be 
carried out on the two-cyple principle, in which 9 = or > 90°, and for three 
cylinders 9 = or > 120°. 

Since engines of less than six cylinders are always provided with a flywheel, 
it is sufficient that the starting on the two-cycle principle should merely 
give the first few impulses, and after several revolutions, when the engine 
has acquired sufficient speed of revolution, the starting air valves commence 
to open every second revolution, causing the compression strokes to take 
place and to raise the temperature of the air for the combustion of the 
fuel. 

Valve Settings for Two-cycle Engines are the same whether they be re- 
ferred to the crank shaft or to the cam shaft, since both turn at the same 
speed of revolution. 

The fuel injection valve has a period of opening similar to that for 

four-cycle engines of the same type. The starting air valve opens in this 

case also some degrees after the top dead centre, and remains open for about 

30 per cent, of the stroke with land engines, and, as already stated, the 

360 
duration of opening is 9 > — for marine engines. 

Exhaust must always take place through ports covered and imcovered 
by the piston, and this period represents an angle of 90° to 120° of the crank 
shaft rotation. The exhaust setting on the diagram is naturally symmetrical 
about the vertical line through the dead centres. 

Scavenging may be effected by means of valves or ports, and in the latter 
case (Figs. 34 to 36, p. 36) the angle of duration of opening of these ports 
is also symmetrical about the dead centre (Fig. 226). For the reasons given 
on p. 36, the scavenging angle with this system must be less than that of 



* Four-oylinder four-cycle engines have been constnicted (M.A.N. Aug8bui*g, and 

720 
French submarine engines) in which < -j-, but in this case a clutch is necessary between 

the engine and the propeller. Before starting, the engine must be turned by hand if neces- 
sary, to put one of the cranks in the starting position, and the engine started with the 
clutch out. When the order to go ahead is given, the clutch is put into gear. Reversal 
must always be carried out with the clutch out of gear, unless advantage be taken when 
stopping, as can sometimes be done with small engines, of the half-revolution in the 
opposite direction caused by the engine compression. The certainty of this manceuvre 
depends, however, too greatly on the quickness and experience of the engine-room per- 
sonnel to vnerit consideration. 
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exhaust, and in general the exhaust may be stated to commence from 10® to 
15° before the scavenging ports are uncovered by the piston, and to terminate 
necessarily an equal period of revolution after the scavenging ports are closed. 




^ 








'^ 



Fig. 226. — Diagram of Valve Settings of Simple Port Scayengiog Two-cycle Engine. 

If scavenging is carried out on the Sulzer system, with two series of ports, 
the upper being controlled by a valve (Figs. 37 and 38, p. 37), the scavenging 
air continues to enter the cylinder for 10° after the exhaust ports' have been 




'Cayenging 
Exhaust. 

Fig. 227. — Diagram of Valve Settings of Double-port Scavenging Two-cycle 

Engine (Sulzer System). 
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closed. With a total angle of exhaust of 100°, the scavenging ports are 
closed by the piston 60° after the bottom dead centre. • The lower or main 
scavenging ports commence the scavenging of the cylinder 10° after the 
exhaust ports have been opened, due to the valve controlling the upper ports 
remaining closed at the commencement of scavenging (Fig. 227). 




Fig. 228. — Diagram of Valve Settings of Valve-Scavenging Two-Cyole Engine. 

If scavenging is carried out by valves in the cylinder head (Fig. 204), 
these are opened 10° to 20° after the uncovering of the exhaust ports, and are 
shut also 10° to 20° after the piston has covered the exhaust ports (Fig. 228). 



11 
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CHAPTER XL 

THE REVERSAL OF MARINE DIESEL ENGINES. 

The solutions which have been put forwaid to solve the problem of the 
reversal of motion of ships with internal combustion engines are of two 
kinds ; first, that which permits of changing the direction of rotation of 
the engine, and second, that of keeping constant the direction of rotation 
of the engine, and reversing the direction of the propeller shaft or of the 
propeller itself (by means of reversible blades). Only these two solutions of 
the problem will be mentioned, since that of providing, as is done in the case 
of turbines, a separate engine for astern nmning may be. neglected as being 
too costly, clumsy, and tending towards slow and uncertain manoeuvring, 
due to the necessity of starting up a cold engine when it is desired in an 
emergency to go astern. 

External systems of reversing — ^t.c, those in which the direction of 
rotation in the engine is not changed, were the most common with early 
applications of the oil engine to marine propulsion. That this was so is 
perhaps natural, since the chief experience with internal combustion engines 
at that time was with petrol engines, which are almost always irreversible, 
and moreover, external reversal did not require any modifications of the 
engine itself. 

With recent applications, however, internal or direct reversal is almost 
always preferred for reasons of lightness and compactness, and as being 
more rational, and, above all, because it does not impose limits to the power 
of the engine, whilst the greater number of the methods of indirect or external 
reversal do not lend themselves to use with the highest powers. 

Direct reversal gives rise to the disadvantage that the engine must be 
stopped and put in motion in the opposite direction — an operation requiring 
a large consumption of highly compressed air and a certain amount of care, 
as well, in some cases, lacking in certainty. 

Direct Reversing *Gears. — The systems of internal or direct reversing are 
substantially different for two- and for four-cycle engines. 

Figs. 229 to 232 show diagrammatically the phases erf a four-cycle engine, 
referred to the crank shaft and to the cam shaft, for the two directions of 
rotation, without, however, taking into account the angles of early opening 
or late closing for the various valves. The cams are indicated by the arcs 
of circles, acting supposedly on rollers in the same plane, which is not true 
in practice, but does not affect the results of the following considerations. 

In comparing the diagrams referred to the cam shaft, it is seen that the 
profiles of the groups of cams which give the two directions of rotation are 
synmietrical with respect to a line A- A, but cannot be superimposed.- 
yi)n this account four-cycle engines cannot be reversed by simply rotating 
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the cam shaft through an angle relatively to the cranlc shaft ; they need two 
series of cams, one for ahead and the other for astern running. 

Usually the two series of cams are keyed on to the eame shaft, and the 
cams for the same valve for ahead and astern are adjacent. 

To reverse Uie direction of rotatioa of the engine, all that is required 
is to stop the engine, move the cam shaft longitudinally, so that the rollers 
of the valve levers move on to the came which correspond to the desired 
L4'iection of rotation, and to start the engine again. 

The fulcrum of the levers of the starting air and fuel injection valves are 




V^i^ 



worked on the usual eccentric sleeve, which permits of working alternatively 
with the starting aii valve or the fuel injection valve in gear. These valves 
are put in and out of gear by one lever for all the cylinders of the engine, or by 
two levers each controlling half the number of cylinders. In this latter case, 
there is the advantage that fuel oil may be given to half the engine, whilst 
the other half is running on compressed air, thereby considerably facilitating 
starting, and the further advant^e that with one of the two levers in the 
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intermediate position it ia possible to obtain very slow running of the engine 
vith only half the number of cylinders working on fuel oil. 

Ab tending towards simplification, it may be arranged that when this 
lever is in the starting position a cock is opened t:ontrolling the compressed - 
air from the starting reservoir to th« starting air valves on the engine, whilst, 
when the lever ia in the running position, this cock is closed, and instead the 
fuel injection pumps are put into action. In the intermediate position, the 
cock controlling the air is shut and the fuel injection pumps are out of gear. 
The longitudinal movement of the cam shaft is carried out by hand 
in the case of small engines, and by means of a compressed air servo-motor 
with large engines. 

It may happen (with multi-cylinder engines it always takes place) that a 
valve which remains shut when the engine has stopped ought to be opened 
for the new direction of rotation. For example, if 
the cylinder under consideration is on the «om- 
pre.s.sion stroke on stopping the engine, by the 
reversal of the valve gear the stroke woiJd be 
changed to the suction stroke (see Figs. 229 to 
232), and the suction valve which was shut when 
the engine stopped would be opened as a result of 
the reversal of the valve gear. In this way all 
the valve levers which are subject to these condi- 
tions — in other words, all those which lor the 
preceding direction of rotation were shut, and for 
the new direction require to be opened — would 
seriously impede the longitudinal movement of the 
cam shaft, whilst the rollers of those valves which 
were in the position of full opening~~i.e., upon the 
noses of the cams — would fall from the edges of the 
cams and cause the valves to hammer upon their 

For this reason, before reversal is carried out, 
it is necessary, prior to moving the cam shaft in 
a horizontal direction, to lift all the valve levers 
from their cams at the same moment, and to 
return them only when this horizontal movement 
Fig 233, — Mechanism for is completed, 
lifting Valve Aotuattog it ig not difficult to devise a mechanUm for 

(Kdo^a)""^ "^ accomplishing the lift of the valve levers, and 

many simple and suitable examples are to be found, 
but certun constructors prefer the more rapid gear shown in Fig. 233 (Kol- 
omna). This consists of a small piston actuated by compressed air which 
opens the valve, and so lifts the valve lever and roller before the cam shaft 
is moved horizontally, and only allows the valve to shut and the roller to 
return to its cam when this manoeuvre is finished.* 



* If it be arranged that the longitudiaal movemeat of the cam shaft cannot take pU«e 
exoept the lever commandiog the eaceotrio sleeve o( the starting air and fael injection 
valvM be in the intermediate pogition, it is not necesaary to lift the levers of tbeee vbIvbi, 
linoe their rollers are already clear of the circle de«aribod hy the points of the oams. 
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Instead of moving the cam shaft longitudinally, in order that the valve 
levers may be acted upon by one or other of the series of cams, recourse may 
be had to other mechanical arrangements. 

Fig. 234 shows a system applied to some Nobel engines. Each valve 
lever is actuated through a link connected to a triangular piece carrying 
rollers c^ and Cg vertically disposed over the cams A V and A D, but with 
their axes out of line with one another. By rotating the manoeuvring 
shaft m, the roller c^ is brought into contact with the cam A V, or c^ 
into contact with A D. Only one roller can be in contact with its cam at 
any time. 




Fig. 234. — Nobdl'B arrangement for reveTsing Four-oycle Engines without leyeising 

the Cam Shaft. 



The system applied to some M.A.N. Augsburg, engines is shown in 
Kg. 235. 

In this type also two cams are each in line with one or other of the two 
intermediate rollers, one of which transmits the lift of its cam to the valve 
lever roller, whilst the other remains free. The roller of the lever is of such 
a width as to enable it to take its motion from either of the intermediate 
rollers. A manoeuvring lever, having its fulcrum on the cam shaft, 
permits of changing the intermediate roller, and so the cam for 
operating the valve, and in this way the direction of rotation of the 
engine is reversed. 
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Fig. 236 represents the general arrangement of the reversing gear of the 
Werkspoor- engine of the motor ship " Vulcanus." There are two cam shafts, 
a for ahead and t for astern running. The supports for these shafts are con- 
nected by angled brackets, which have their fulcrum on the main horizontal 
shaft, around which they can rotate, so that the cam on the shaft a or on the 
shaft * acts upon the valve lever according to the direction of rotation required. 

Counter weights p balance these angled pieces and the two cam shafts, 
which latter receive their motion from the main horizontal shaft by means 
of spur wheels, reducing the speed of revolution to one-half. The main 
horizontal shaft can be driven from the crank shaft in the usual way by means 
of spiral wheels, or, as is done in this case, by means of eccentrics and rods. 




1 




L 


\ 


v. 





I 

Fig. 237. — Diagram of Reversible Valve Gear derived from Marshall's Valve Gear. 

giving it the same speed of rotation as the crank shaft. This system, although 
sufficiently reliable, cannot be said to be either light or economical. 

In the latest types of construction by this firm, two parallel cam shafts are 
also provided, but the substitution of one or the other underneath the valve 
levers is a straight line movement instead of rotation about a fixed centre. 

The adoption of a double series of cams for accomplishing reversal of 
four-cycle engines, although not the only possible method, is that which 
finds by far the most frequent use. 

By making use of shaped surfaces of the type found in the Lentz valve 
gear instead of cams, and by controlling the movement of these parts by one 
of the various reversing systems used with steam engines, the reversal of 
internal combustion engines can also be effected. The diagram (Fig. 237) 
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shows an example of this type based ou the Marahall valve gear, and experi- 
merited with by the firm M.A.N. Augsburg. 

A similar application, it ia believed, has also been tried by the Gaa- 
motorenfabrik Deutz. 

\ Yet another device to carry out reversal of Diesel engines consists in 
that shown in Fig. 238, which was applied to Thornycrott paraffin engines 
and to M.A.N. Augsburg, Diesel engines. With this mechanism the cam 
shaft always rotated in the same direction whatever might be that of the 
crank shaft, or, in other words, the direction of rotation of the cam shaft 
was changed with respect to that of the crank shaft. This system has 
been abandoned, however, as it does not give sufficient reliability in 



r of Two-cycle Engines. 

— The diagrams of valve settings for 
ahead and astern ruiming of two- 
cyle engines are shown in Figs. 239 
and 240, and, as will be seen, are 
symmetrical. 

The exhaust, which takes place 
through the cylinder -exhaust "ports, 
cannot and does not require to be 
reversed ; neither does the scaveng- 
ing, if it is carried out by ports 
without supercharge after the 
closing of the exhaust ports. The 
valve gear of the fud injection, 
starting and scavenging valves, if 
the latter are in the cylinder head, 
must, on the other hand, be reversed, 
as well as those for suction and 
delivery of the scavenging pump, 
unless they be of the automatic 
type. 

Since the profiles of all the cams 
lie about an axis of symmetry, which 
coincides with the bisector of the 
angle of the period of opening the 
valves, it is clearly seen in Figs. 239 
^- »„™ T>- J J . , and 240 that reversal can be efiected 

Wheels. cams with respect to the crank 

shaft. By rotating the fuel injec- 
tion cams by an angle a, the scavenging cams by an angle fi, and 
those for starting by e, the direction of rotation of the engine is 



If the duration of the various phases of the cycle can be so fixed 
that the angles a, p, and e are equal, reversal can be obtained by a simple 
rotation of the cam shaft with respect to the crank shaft through an angle 
of »°. 

The duration of the phases and their angles depend, however. 
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apon the^type of the engine, and more especially upon its speed of 
rotation," [|an<i, therefore, this condition of equal angles can only be 




obtained in very particular cases, and never without .it being necessary 
to some extent to modify the angle which would be most suitable 



■ 

I 
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for one or other of the phases, more particularly for that of the starting 
air valve.* 

The relation a = ^ between the angular displacement of the scavenging 
and fuel injection cants can, on the other band, often be accomplished, and 
with high-speed engines it causes no inconvenience. 

Since the same angle may also be assigned to the scavenging air pump, 
auction and delivery valves, with high-speed and light engines, the process 
of reversal is generally reduced to that of giving the cam shaft an angular 
displacement a with respect to the crank shaft, and of substituting a second 
set of starting air cams (Fiat, Tosi, etc.), by means of one of the methods 
described for four-cycle engines. 

The new starting air cam, however, after the angular displacement of 
the cam shaft through ^ would not be changed by e" with respect to its 
position for the preceding direction of rotation, but only by e° — ^, and since 
this diSeience is always small, instead of substituting a second set of cams. 



Fig. 241. Fig. 242. 

Figs. 241 and 242. — STatems (or correcting the tuigular diaplaoentent of C&m SEiaft to 
suit Starting Air Valve or Foe) Injection Valve. 

correction can be made to the valve roller by a mechanism of the type indicated 
in the diagrams (Fig. 241 and 242). 

For slow-running engines, if the value of a" equals that of ^, the fuel 



43°. 

However, ia applying this syBteni, it is necessary to assign to the starting air valve 
tk very conaiderablo angle of leul. and since this anglo of load on starting would cauie 
the manceuvre to fall, the cam shaft must lirat be rotated through an angle greater than 
a, suffioieot to enaure the opening of the starting air valve at the top dead centre. After 
aeveral revohiUona, when the engine has attained a oertain speed, the cam shaft is brought 
back to its normal running position. 
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injection valve would generally be found to have too great an angle of lead, 
and on that account it is often desirable to correct the position of the fuel 
injection roller by an angle fi — a after the cam shaft has been rotated through 
the desired ^, This operation is similar to that described for starting air 
valves (Carels, Suizer).* 




Fig. 243. — Diagram of Carels' Reversing Gear. 

The foregoing forms the general criterion upon ^ which all systems of 
reversal are based, and in the following part of this chapter some examples 

* By this same gear the angle of lead of the fuel injeotion valve oan be varied to 
oorreepond to the speed of revolution and the power desired from the engine. 
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will be given of the designs of reversing gears of the principal types of Diesel 
engines. 

Carets Freres, Ghent — Engines of the motor ship " Excelsior," constructed 
by the Reichestieg Schifiswerfte, of Hamburg, imder licence from Messrs. 
Carels ; 1,800 to 2,000 B.H.P., six cylinders, 90 to 100 revs, per minute. The 
scavenging is can*ied out by four valves symmetrically placed in the 
cylinder head (Fig. 204, p. U5). 

Reversal is accomplished in the following way : — Upon the vertical shaft 
which drives the cam shaft a (Fig. 243) is keyed a long sliding helical wheel 
movable axially by a fixed amount (Fig. 244). 

The displacement of this spiral wheel is carried out by a compressed air 
servo-motor, and gives to the cam shaft a a rotation of )8°, required for the 
reversal of the four scavenging valves of each of the cylinders. 




Fig. 244. — Diagram of Helical Gear Wheels driving Cam Shaft in Carels' Reversing Gear. 



The correction P° — a° of the fuel injection cams, and /3° — e° of the 
starting air cams, is carried out by a similar mechanism to that shown in 
Fig. 242. 

The manoeuvring shaft b, controlled by a hand-wheel, gives this desired 
correction, and its small cranks are so disposed that the following sequence 
is obtained : — 

(1) Stop. 

(2) Six cylinders on compressed air. 

(3) Cylinders Nos. 2, 4, and 6 on air, and the remaining three on fuel. 

(4) Nos. 1, 3, and 5 on air, and the remaining three on fuel. 

(5) Six cylinders on fuel. 

(6) Three cylinders on fuel and the other three running idle. 
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The cylinders Nos. 2 and 3, at the forward end, drive the double-acting 
scavenging pumps c by means of balanced levers (Fig. 243, p. 171). These 
pumps are provided with piston valves for suction and delivery, the piston-rods 
d of which are actuated by two cranks, driven by a spur-wheel e in gear with 
a similar wheel on the crank shaft. The wheel e can drive in both directions 
of rotation, but instead 
of being rigidly keyed to 
its shaft, it is free for a 
certain angle necessary 
for reversal of the 
scavenging pump piston 
valves. When the engine 
is started in a contrary 
direction to that in 
which it previously ran, 
the valves of the pump c 
remain inoperative for a 
fraction of a revolution, 
and only when the crank 
shaft has rotated through 
the stated angle does the 
spur-wheel commence to 
drive the piston valves. 

In July, 1912, the 
author saw this engine 
running on the test 
bench, and reversal was 
accomplished with abso- 
lute certainty and 
rapidity. 

Fiat, Turin. — Figs. 
245, 246, and 247 re- 
present the valve gear 
of a Fiat engine. 

Since in the valve 
setting diagram a = p, 
and the bisectors of the 
angle of opening of the 
fuel- injection valve and 
of the two scavenging 
valves are at 180°, one 
eccentric with inter- 
mediate rolling levers &, 
c, d, and / drives all 
these valves. 

By causing the cam shaft to rotate through an angle fi with respect to 
the crank shaft, reversal of the fuel injection and of the scavenging valves 
is effected without other provision. 

The starting air valves can be operated by two cams, one for each direction 
of rotation, separated by a cylindrical part on which the roller runs idly when 




FigB. 245 and 24G.— Early Type of Fiat Valve Gear. 
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the engine is in its normal ranning condition. To reveree, it is only necessary 
to displace the startmg ait cams on the hollow cam shaft a (Fig. 246) by 
meana of the shaft b which traverses it internally. During the operation of 
exchanging the starting aii cams, it is not necessary to provide a gear 
(as in the case with four-cycle engines) to lift the levers of these valves, 
since the lift of the startmg air valves is always so small that it is 
only necessary for the two profiles . to be sloped down to the 
intermediate cylindrical part tq permit of the roller easily mounting 
its cam. 



^ 




Fig, 248. — Diagram of Intermediate Vertical 
Shaft, with Servo -motor for displacing 
axiaU; the Helical Wheeb C and D 
when reversing Engine (Fiat). 



Rotation of the 
also by an axial 
(Fig. 248). 



shaft through ^° is obtained in this case 
the spiral-wheel c on the vertical shaft 
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This same motion serves, by means of the helical- toothed wheel 
d, to efiect the reversal of the shaft b driviag the piston valves 
of all the scavenging pumps. For engines of Mgh power the con- 
temporaneous displacement of the two spiral-wheels is effected by the 
compressed air servo-motor A, and thp complete manoeuvre of reversal 
is carried out by a single controlling hand-wheel in the very short time 
of five seconds. 

Prof. Junkers, Acken. — The action of the engine invented by Prof, 
Junkers is to be seen in the diagrams (Figs. 39 to 44, pp. 38 and 39) 
that] have been described on pp. 39, e( seq. Several constructors have 
adopted this system (Gebr. Klein, A. G, Weser, I. Frerichs, A. E. G. 
Nobel, Badenia, etc.). 



Fig. 249.~Fiat Revenible Marine Diesel Engbie. 



In Junkers' engines the scavenging air ports are closed by one of the 
two pistons of the engine before those of the exhaust, so that there is no 
supercharge and the scavenging does not require to be reversed. In addition, 
the valve gear of the scavenging air pumps does not require to be reversed, 
since the valves are of the automatic type. 

To effect reversal, it is sufficient then to change the angles of the starting 

air and the fuel injection valves (of which latter there are generally two per 

' cylinder). A system of substitution of cam shafts, similar to that described 

for Werkapoor four-cycle engines is adopted, and Figs. 260 to 254 show 

dearly the valve gear. 
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GWw. Ksrting, Hanover. — In Korting engines (Figs. 256 and 256) the 
underlying principle of the valve gear is, as already stated in the note on 




Fig. 260, Fig. 261. 

DiagrtiinB of Ahead and Astern poaitions of Junhers' Fuel Injection Valvo Gear. 



Fig. 262. Rg. 263. 

Diagnnu of Ahead and A«tom positions of Junken'* Air-starting Valve Qeor, 

p. 170, snch that a = ^ = e — i.e., complete reveisal of rotation is obtained 
by a simple angular displacement of the cam shaft. 
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By turning the hand-wheel D (Pig, 
256) * the leading screw E eSects the axial 
displacement of the cross-shaft G, which, 
by means of the usual long spiial-wheel, - 
produces the required rotation of the cam 
shafts. 

At the same time, by means of another 
leading screw F, the rotation of the hand- 
wheel carries out a similar displacement in 
the sliding shaft 0, which changes the 
angle of lead of the shaft H driving the 
piston valves of the scavenging pnmps. 

As is seen, the principle on which this 
system of reversal is hosed recalls that 
adopted by the Fiat, although, perhaps, 
more attractive and expedient. _. „,, ^. , - . „ 

The lever L (Fig. 266) control, the F«: 2Mr?^»»«' »"""»«.?•?»■ 
usual eccentric fulcnuns of the fuel 



-'ReveiBing Gear of Kortiag Muine Diesel Engine 
'Sckiffbau, 24th May, 1911. 
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injection and starting air valve levers, permitting of the cutting-in and 
cutting-out of one or other. 

M'.A.N, Niimberg, — Of the two works at Augsburg and Niimberg, the 
first specialises in the construction of four-cycle engines, and the second in 
that of those working on the two-stroke principle. For light Niimberg 
engines, the cam shaft runs centrally along the cylinder heads, and by means 
of two short levers controls the fuel injection and scavenging valves, one of 
each type to each cylinder (Plates XVIII. and XIX., facing p. 286). 

The starting air valves are controlled by compressed air in quite an 
original way, differing entirely from those so far described. 

The" scavenging pumps are provided with automatic valves which do not 
require reversing, and, since for the fuel injection and scavenging valves 

a = )8 = 30°, reversal is accomplished by 
rotating the cam shaft through this angle. 

The vertical shaft driving the cam shaft 
is in two pieces connected by a dog clutch, 
not designed to secure rigid connection, 
but allowing a play of 30*^ between the 
teeth (Kg. 257). When the engine is 
started by means of the starting air valves 
in a direction of rotation opposite to that 
of the preceding run, the upper part of the 
vertical shaft, and with it the cam shaft, 
are not moved by the crank shaft until the 
latter has revolved through 30°, and taken 
up the play between the teeth of the dog 
clutch. 

When the fuel injection pumps are put 
into gear, the engine is set without other 
regulation for the required direction of 
rotation, since the valve gear has auto- 
matically given the angular displacement 
necessary. 

To avoid the possibility of chattering 

between the teeth or irregularities in 

transmitting the drive thrQugh the clutch, 

a strong spring presses the upper and 

lower parts of the clutch against one 

another, resisting; in this way the inertia 

and wjcelerating^ forces which might tend 

to separate the driving faces of the teeth. 

The control and the system of reversal of the starting air valves are 

pneumatic, and are shown diagrammatically in Fig. 258 in the position of 

starting for ahead running. 

The manoeuvring lever is put hard over to the end of its sector, and 
presses on the stems of the two control piston valves M and T. The cylinder 
T contains a valve with a conical seat, which, when it is opened, allows 
compressed air from the lower side of the piston of the balanced valve A to 
escape, and causes it to open under the influence of pressure from the 
starting air reservoir. Then air from the starting air reservoirs fills the 




Fig. 267.— Clutch Drive on Vertical 
Shaft giving Angular Displace- 
ment of Cam Shaft when reversing 
(M.A.N.). 
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piping up to the cylinder starting air valve^ but this is not sufficient to 
open it. 

At the same time the manoeuvring lever presses on the stem of the control 




piston valve contained in the cylinder M, and it is displaced so as to permit 
communication between the starting air lead, already imder pressure, and the 
cylinder C. 
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The air reaches the piston valve, pushes it outwards, and in this way 
carries the roller on its plunger into contact with the respective cam. Two 
starting air cams are provided for each cylinder, one for each direction of 
rotation. The cylinder or cylinders which are in a starting position have the 
ahead cam in such a position that, if the roller rests upon it, compressed air 
through the piston valve may reach the small piston of the starting air valve 
and open it (Fig. 258). 

Then the air from the reservoirs which has passed through A is ready 
behind the valve head, and enters the cylinder of the engine, and the engine 
runs on starting air as long as the manoeuvring lever is kept at the ahead 
eictremity of its sector, the distributing piston valve C opening the starting 
air valve whenever the cam presents the cut-out portion to the roller. When 
the lever is lifted so that it frees the stems of the small piston valves M and 
T, the springs close these valves. . 

The control valve M closes the communication between the starting air 
piping and the cylinder C, opening instead communication between C and the 
atmosphere, and the rollers are drawn back from their cams by the springs. 
The valve T closes the exhaust of air from the lower part of the piston of the 
valve A, and this also closes under the action of its spring, the pressures above 
^d below the piston being again in equilibrium. 

The manoeuvring lever is also connected to the fuel injection pumps in 
such a way that when the starting air gear ceases to operate, the fuel oil 
commences to be injected into the cylinder and normal running begins. 
The delivery of these pumps is a maximum when the lever is near the eictreme 
position just clear of the starting air control valve spindle, and is zero when 
the lever is vertical. 

With M.A.N, engines, the reversal, stopping, starting in either direction, 
and the various speeds of revolution, are controlled by a single manoeuvring 
lever. 

Experiments made in 1911 * on a 800 B.H.P. engine showed that the engine 
could be put from stop to full power in six seconds, and reverse from full 
ahead to full astern in twelve seconds. 

The M.A.N. have already experimented with two-cycle double-acting 
engines for large powers, regarding which nothing has so far (1915) been 
published. 

Polar ErufineSy Stockholm. — The Polar engines of the Aktiebolaget Diesels 
Motorer of Stockholm have a system of reversal entirely different from those 
described, and known as the Hesselmann system, f The scavenging air enters 
the cylinders by means of ports, covered and uncovered by the piston (Figs. 
34, 36, p. 36), and hence the scavenging setting is irreversible. Starting is 
not efiected by allowing compressed air to act in the main engine cylinders, 
but is carried out by a special apparatus known as a manoeuvring engine, 
which, during the running of the engine, serves as a scavenging pump. 

Since there are no starting air nor scavenging valves in the cylinder head, 
only the setting of the fuel injection valve has to be changed for the direction 
of rotation, and this is easily accomplished by a substitution of cams. 

* Kaemmerer, Die Verwendung von Dieedmaschinen zum Antrieb von grifaseren 
Seeschiffen. 

I The Benz Company, of Mannheim, have taken out a lioenoe to construct marine 
engines of this type. 
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As regards the manoeuvring engine, this consists of two double-acting 
cylinders cc (Fig. 259) with cranks at 90° and piston valves. During the 
normal running of the engijie, the cylinders c c serve as scavenging pumps, 
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aod compress the air to 0-15 to 0-20 atmosphere (21 to 2-85 lbs. pei square 
inch), whilst during the starting period the same cylinders work as compressed 
air ei^iues deri\'iiig their source of power from the compressed air stored 
in reservoirs, delivered "through the piston valves after passing through 
A reducing valve to lower tiie pressure to about 5 atmospheres (70 lbs. per 
square inch). When the engine has started, the compressor d recharges 
the starting reservoirs, and automatically ceases compression when the 
desired pressure has been reached in these reservoirs. The two-stage 
compressor b supplies the fuel injection air for the main engine 
c^inders a a a a. 

Reversal of the mancnuvring engine does not present any great difficulty, 
and is of the type common to steam engines. As has been seen, the valve 
gear of the main cylinders a is reduced to that necessary for the fuel injection 
valves, and reversal is veiy simply effected. 

The possibility, peculiar to this system, of commencing the introduc- 
tion of the fuel oil at the same time as 
the compressed air is in action, gives the 
considerable advantage of quick manoeuvring 
capacity. 

Since, however, the fuel injection valve lifts 
even when the main engine is turning under 
the action of the manoeuvring engine, certain 
precautions are necessary to prevent premature 
Ignition. For this piurpose four independent 
fuel injection pumps — one for each cylinder — 
are provided, and the fuel is delivered to the 
fuel injection valves for the minimum time 
before they open, and for this reason these 
pumps themselves are reversible. Moreover, 
when the engine is reversed, the gear is so 
arranged that the pumps are thrown out 
of action one revolution before the ex- 
change of the fuel injection valve cams takes 

G^. Sulzer, WinterOtur. — With small high- 
speed Sulzer engines built between 1905 and 
tV 260.— Eariy Type of 'f*ll. before the system of double-port 
Sulzer High-speed Marine scavenging, in which the upper port for the 
Diesel Engine. supercharge was developed, as described on 

p. 37, the cylinder heads contain a fuel 
injection, a starting air, and two scavenging air valves (Figs. 79, 80, 
p. 80, and Fig. 260). 

There are two cam shafts — one for the left-hand scavenging air valves 
and the other for the fuel injection, starting, and the right-hand scavenging 
air valves (Fig. 260). 

The left-hand cam shaft can be rotated through an angle ^ = 22° with 
respect to that of the crank shaft by means of a mechanism operated by 
compressed air, and so the left-hand scavenging air valve is set tor the opposite 
direction of rotation. The spiral wheels on the right-hand verticu shaft 
are not movable, so that the scavenging air valve actuated by this shaft 
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ifl irreversible ; in other words, the scavenging is carried out by both the valves, 
but the supercharge is given only by that on the left.* 

As stated, the cam shaft, which has no angular displacement in relation 
to the crank shaft when the engine is reversed, operates also the starting air 
and the fuel injection valves, both of which must, of course, be reversed. 
The reversing gear is original in design, and is shown diagrammatically in 
Eig. 261. The lever of each fuel injection and of each starting air valve 
is actuated by the strap on an eccentric keyed to the cam shaft. 

These straps have peripheral profiles of a shape to present two noses 
b and e for the fuel injection and h^ and e^ for the starting air valves. By 
rotating these straps so that the rollers of the levers are actuated by the 
noses b and bi the engine is set for running in the ahead direction, and by 




Fig. 261. — ^Diagram of Early Type of Suizer Boversing Gear. 



rotating the straps in the opposite direction so that the noses e and e^ ace 
in operation, the engine is set for the astern direction of rotation. 

A hand-wheel rotates the manoeuvring shaft on which the cams a and a^ 
are keyed, which latter serve to set the eccentric collars for the direction 
of rotation. 

The profiles of these cams a a^ are similar for the same valves of each 
pair of cylinders, but are different for the two pairs, and so designed that, 



* The right-hand scavenging air valve remains open for 80° — i.e., 40° before and 40° 
after the bottom dfiad centre — whilst the left-hand one opens also 40° before, but doses 
60° after the dead centre. Since the exhaust ports are closed by the piston 50° from the 
bottom dead centre, 10° of openmg of the left-hand scavenging air valve remain for the 
supercharge. 
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by rotating the hand-wheel towards the left, the four notches of the sector 
(Fig. 262) correspond to the following operations : — 

(1) Ahead four cylinders on compressed air. 

(2) Ahead two cylinders on compressed air and two on fuel oil. 

(3) Ahead with two cylinders out of action and two on fuel oil. 
. (4) Ahead with four cylinders on fuel oil. 

Rotating the hand-wheel in the same way towards the right, the same 
operations are accomplished for astern running. 

This system of reversal is not simple, and especially with small engines 
(e,q.y 100 B.H.P. at 400 revolutions per minute) the heads of the cylinders 
appear crowded wi(h small delicate moving mechanism, but this is the first 
true system of reversal applied to Diesel engines, and is sure and quick 




Fig. 262. — Manoeuvring Wheel for Valve Gear of Type shown in Fig. 261. 

(Messrs. Sulzer have, however, abandoned this system on the introduction 
of the new method of double-port scavenging). 

The author has seen an engine of this type when warm reversed from 
full speed ahead to full speed astern by turning the hand-wheel as quickly 
as possible from the right to the left, without even stopping for an instieint on 
the intermediate notches. With one hand on the manoeuvring wheel and 
the other on the control lever of the fuel injection pump full speed between 
400 and 450 revolutions per minute is attained more rapidly than is possible 
with a steam engine. 

For engines of the cargo boat type, as built for the M.V. " Monte Penedo " 
(see Plate VI., facing p. 112, and Fig. 263), reversal is carried out in a totally 
difierent way. 

Since scavenging is accomplished by a single valve per cylinder, and the 
scavenging pump is provided with piston valves, in order to change the 
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direction of rotation of the engine, it is necessary to alter the setting of the 
starting air, scavenging, and fuel injection valves, and the piston valves of the 
scavenging pump. These manoeuvres are effected by means of two compressed 
air servo-motors a and aj (Plate VI.). The servo-motor a^ provides for the 
reversal of the scavenging pump piston valve through an ordinary Stephenson 
link gear c, and at the same time rotates the cam shaft d through the angle 
P corresponding to the required timing of the scavenging valve for the opposite 
direction of rotation. The starting air valve has a double cam n, and the 
substitution of the cams is also carried out by the same servo-motor, the 
function of which is thus completely to prepare the engine for the determined 
direction of rotation. 

The other servo-motor a, identical with the first, acts upon the sha^ /, 
which carries the eccentric fulcrums of the starting air and fuel injection 
valve levers, and causes the engine to run : — 

(1) With four cylinders on compressed air. 

(2) With two cylinders on compressed air and two on fuel oil. 

(3) With two cylinders cut-out and two on fuel oil. 

(4) With four cylinders on fuel oil. 

An indicator h shows on its quadrant for which of the above methods of 
running the valve gear is set. Another indicator e, external to the same 
quadrant and connected to the first servo-motor, shows whether the motor 
is set for ahead or astern running. By means of a mechanism of the type 
shown in Fig. 241, p. 170, the position of the fuel injection roller with 
reference to its cam is corrected after the cam shaft has been rotated 
through the desired angle. Hence, recapitulating, for the reversal : — 

(1) The cam shaft d is rotated by P° thus reversing the scavenging valves. 

(2) The valve gear of the scavenging pump is reversed by means of the 
Stephenson Jink motion. 

(3) The new starting air cams are brought into action — i.e., the starting 
air valves are set e° — ^ out of phase with their original setting. 

(4) The position of the rollers of the fuel injection levers is corrected by 
an angle a° — j8°. 

Franco Tos% Legnano. — With Tosi two-cycle marine engines the scavenging 
air enters the cylinder through four valves in the cylinder head placed round 
the fuel injection and starting air valves (Plate VII., facing p. 112). 

To reverse the engine, the cam shaft is rotated in the usual way through 
an angle )3, and since )3 = a, the scavenging and fuel injection valves are set 
for the new direction of rotation. 

The starting air valve of each cylinder has two cams and two levers, 
either of which may be brought into action according to the desired direction 
of rotation. Fig. 264 represents diagrammatically the valve gear for the 
fuel injection and the starting air valves, and the construction of the same 
mechanism is shown in Fig. 265. 

The eccentric c (Fig. 264) actuates the fuel injection valve lever through 
the eccentric rod, which is pivoted about a pin in the lower extremity of 
a link, the upper part of which forms the strap around an eccentric on 
the manoeuvring shaft. The cams a and h lift the starting air valve for 
ahead and astern running by depressing the lever 6, and through this the 
valve stem. 
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On the maaoeuvring shaft are keyed tlie eccentric fulcrums of the three 
levers, eo that when this shaft is rotated through a certain angle into the 



Fig. 2M.~Dia.gram of V»]ve Gear for Fuel Inieotion and atarting Air V&lves (Tew). 



Kg. 266. — ComttTuotioD of Valve Gear for Fuel Injection and Starting Air Valves (loai). 

position shown in Fig. 264, neither of the valves are in action. When the 
manceuvring shaft is rotated in a clockwise direction, first the cam b comes 
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into action and then the fuel injection valve, whilst the lever of the other 
cam a remains inoperative. By rotating the manoeuvring shaft in the opposite 
direction, after the cam shaft has been rotated through the requisite /3°, 
first the cam a acts upon the lever e, and then the eccentric c puts the fuel 
injection valve into action. 

This very •attractive system has also the advantage of permitting the lift 
and the time of opening of the fuel injection valve to be varied acco;rding to 
the load on the engine, by suitably adjusting the position of the manoeuvring 
shaft; and so, through the eccentric thereon, the position of the fulcrum 
about which the rod of the eccentric c oscillates. This condition conduces 
to economy of compressed air at low speeds. Indeed, when the engine is 
running at low speeds, if the angle of opening of the fuel injection valve 
is invariable, the valve is lifted for a longer time per revolution, and a 

greater weight of air flows into the cylinder. Since the angle ^, which the 

bisector of the angle of lift of the valves makes with the vertical, is constant, 
the angle of lead of the admission, by varying the amplitude of the lift, 
is also modified when the speed of running and the load are a minimum. 
It is for this reason that with Tosi engines, the normal speed of which is 
only 170 revolutions per minute, the condition a = j8 can be satisfied, a con- 
dition which is not usually found, even with engines of much higher speeds 
of revolution. 

Reversing Systems apart from the Main Engines.— Eeversing systems, 
apart from those embodied in the main engines, may be classified as follows : — 
(1) Reversing gears composed of a mechanism of geared wheels, (2) electrical 
and hydraulic appliances, and (3) propellers with reversible blades. 

For the reversal of the direction of rotation of the propeller shaft, the 
system of geared wheels and friction clutches is very satisfactory in its appli- 
cation to engines of limited power and a high speed of revolution, which 
limit the magnitude of the peripheral forces. Such mechanisms are not 
suitable for transmitting any considerable torque, and are very rarely to be 
found applied to Diesel engines.* 

Of all the known gears, only one of the most common, as shown in Fig. 
266, will be described. A bevel wheel is keyed to the crank shaft and engages 
with a second, which in its turn drives a third of equal diameter to the first, 
but free on the propeller shaft. The central lever actuates a sleeve, and causes 
it to slide along the shaft. This sleeve is connected to the propeller shaft 
by a feather, and its outer ends form two cones, which serve as friction 
clutches to connect either of the two gear wheels with the propeller shaft. 
By moving the lever to the right the propeller rotates in the same direction 
as the engine, and to the left in the opposite direction 'thereto. When the 
lever is in the vertical position the propeller is disconnected from the 
engine. 

The electrical reversing system proposed by Del Proposto has many 
advantages of considerable importance, first amongst which may be cited 



♦ The most powerful marine Diesel installation provided with a reversing gear of this 
type, known to the author, is that of M.V. " Brioni," which has a Grazer Diesel engine 
of 120 B.H.P. 
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that of ita being applicable for considerable powers,* and it has, in fact, 
been applied, more especially in Russia, to river cargo boats. 

In this system a dynamo and an electric motor carried on the propeller 
shaft are separated by a ^lutch C (Fig. 267). The dynamo B is connected 
rigidly to the Diesel engine, whilst the electric motor A always revolves in 
the same direction as the propeller. For full power running ahead, the 
clutch is engaged and the engine drives the propeller direct, whilst the electric 



1 



machine, being unescited, revolves freely. For astern running the clutch 
is put to the " free " position, the dynamo is esxited, and delivers its current 
to the electric mot«r, which revolves the propeller shaft in a direction of 
rotation contrary to that of the Diesel engine. By letting the clutch out and 
exciting the dynamo aa desired, and by making use of the reversibility of 
the electric motor, slow running can be obtained through this medium in 
both directions of rotation. With this system, the installation, if desired, 
may be controlled from the bridge, and the Diesel engine may be always 
running, not only in the same direction of rotation, but at its normal number 




Fig. 267. — Arrajigemant of Del Propoeto System of Glectrioai TTaiumisBion. 



of revolutions, automatically regulated by a centrifugal governor, as with 
land engines. This last condition is one of considerable importance, since 
one of the difficulties which re([uire to be overcome with marine Diesel engines, 
especially those working on the four-stroke cycle, is that of obtaining a suffi- 
cient degree of Sesibility as defined by the ratio of normal to minimum 
speeds of revolution under continuous working conditions, f 

* Supplemrait to Uie Riviata JUariltima, Oct. 1906. 

t With marine two-oyo)e Diesel engines of six Djlinden a minimum speed of nmniDg 
of 40 reroluticnu! pet minute is attained, and is generally suitable for the most delic»t« 
mtuueavring of the ship. 
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Even by installing an electrical manceuvriog plant of this type having 
a power lower than that of the main engine (50 to 70 per cent.), the very 
considerable advantages of flexibility that are gained may more than counter- 
balance the obvious defects of increased space, weight and first cost. 

in the Erujineer of the 5th Novembei, 1909,* a description appeared 
of a machine (the function of which was to reduce the i-evolutions of the 
propeller shaft aa might be desir^, and to provide for the reversal of the 
drive of a steam turbine), which was installed by the Vulcan firm of Stettin 
in a small experimental vessel. This device (which consists essentially of 
two couples of centrifugal turbine hydraulic pnmps, one for ahead and the 
I 



Fig. 268.— BeviB BeveTBible-bUded Propelter. 

other for astern running) is neat and ingenious, and may be applied to any 
irreversible engine. 

Up to the present, however, such a gear has not been installed, so fax as 
is known, for reversing the drive of Diesel engines,! and it is doubtful if it 
is exactly suitable for this work, in view of the loss of 20 per cent, in the pump 
turbine group, however well designed and constructed it may be, and the 
advantages presented by the system (somewhat similar to those of the Del 

* See also ZeitMh. det Vtr. deut. Iitg., 4th December, 1909, dad Siruta MariUima, 
1910. 

t It is beUeved that a, tianatormer of this type ia being supplied to the Motor Paoket 
" Pioneer " provided with engines of 1,300 B.H.F., foi the Congo State. 
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Proposto system) are hardly such as to compensate for a loss of power of 
20 per cent, in the transformer.* 

Reversible ProfeUers. — Eeversible propellers have had considerable 
success with petrol, paraffin, and heavy oil explosion engined ships, but have 
the disadvantage of not being applicable for other than'small powers. 

It is obvious that the mechanism for varying the angle of the blades is 
awkwardly placed in the boss of the propeller, and that the blades, being 
morvable at the point where they are most highly stressed, cannot be so 
rigidly connected to the boss of the propeller as when they are bolted to the 
boss or cast solid with it, and that finally the reversing mechanism, the 
certainty of action of which is so necessary, is completely inaccessible when 
the vessel is in the water. On the other hand, it may be stated that no 




Fig. 269. — ^Diagram of Mechanism of Weihe Reveisible-bladed Propeller. 

other device can compete with this in lightness, simplicity, first cost and easy 
working. 

The figures which follow show some of the better-known devices for 
reversible propellers. 

In Fig. 268 is shown the Bevis propeller, which was the first to be applied 
to installations of relative importance. It has been applied for the trans- 
mission of several hundred H.P. in British auxiliary engined corvettes, not 



* This gear is known as the Fottinger transformer, and in its application to steam 
turbines has advantages which have little force in considering its feasibitity for the reversal 
of Diesel engine drives. It permits of running the turbine at the maximum speed of 
revolution and the propeller slowly, that both may work under the conditions of maximum 
efficiency, and so the loss of power in the transformer and the extra weight due to the 
same are compensated for by the reduction in dimensions of the ahead turbine and the 
elimination of the astern turbine. 
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only to reverse the direction of motion, but also to reduce the resistance 
of the piopeller when the ship was proceeding under sail. By feathering 
the blades of the propeller, the well, which was formerly necessary for 
lifting the propeller out of the water when sails exclusively were being 
used, is dispensed with.* 

The propeller shaft is hollow, and through it is led a shaft terminating 




FigB. 270 and 271. 



XT Rsveraible-bladed Propeller. 



in a CToeshead. By means of two connecting-rods this crosshead rotates 
the blades of the propeller through cranks on these latter. 

Fig. 269 shows the action of the Weihe propeller successfully applied by 
G. F. Deutz for powers up to 120 B.H.P. 

The MeiBsner propeller (Figs. 270 and 271} is similar to this latter, and is 
frequently used, more especially for propellers with three blades. 

* Aohfabaob, DU SAiSiadKtmAe, put ii. 
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In the construction of reversible-bladed propellers, the shape of the blade 
has to be carefully designed to compensate as far as possible for the thrusts 
which would tend to rotate them around their axes. 

Perfect compensation for all speeds and blade angles is impossible, but 
it is necessary to endeavour to approach as far as possible the ideal con- 
dition, in order to reduce the difficulty of reversing the blades and diminish 
the ^strains set up in the internal mechanism. 

Reversible propellers are generally of bronze or of steel, whilst those of 
large diameter, subject to considerable stresses, are of special bronze or chrome- 
nickel steel. The largest propeller of this type constructed up to the present 
is that of the well-known " Theodor Zeize," of Altona, for the German Navy, 
to transmit 900 B.H.t. The diameter is 140 metres,* and the peripheral 
speed 40 metres per second. The pins of the blades are lubricated by a type 
of Stauffer lubricator enclosed in the boss, containing sufficient lubrication 
for several himdred reversals. The mechanism is such that the internal 
manoeuvring shaft at each reversal presses out a small quantity of lubricant. 
The lubricators are charged each time the ship is in dry dock. Complete 
reversal is accomplished in twenty seconds. 



* ZeiUch. d€f Ver, dtut. Ing,, 14th September, 1912 ; W. Helling, Die UmsUfMr- 
9chravben fur grosM Leistungen. 
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CHAPTER XII. 

FUEL DfJECnON PUMP AND FUEL REGULATION. 

In the Diesel engine the fuel injection pump delivers the fuel to the fuel 
injection valve in the cylinder head, and must, therefore, overcome the 
pressure (from 45 to 75 atmospheres — i.e., 640 to 1,100 lbs. per square inch) 
in the valve casing, due to the fuel injection air. The pump also regulates 
the running of the engine, and, therefore, the fuel delivered at every pump 
stroke needs to be exactly that quantity necessary for one combustion stroke 
of the engine, at the load under which it is working at the moment. 

Since with an exceedingly small delivery, variable through wide limits, 
th^ pump has to overcome this very high pressure, it must be strong and 
have, at the same time, very delicate mechanism. To fulfil these require- 
ments the greatest care must be exercised in the design, and only the finest 
workmanship will suffice for the construction. 

The piston is always of the plunger type, of steel ; the valves are of bronze, 
cast iron, or steel, with conical seatings, one suction and one, or two in 
series, for delivery, loaded with light springs, and so disposed as to be 
readily accessible for examination, cleaning and grinding-in. The joints of 
the copper delivery pipes are made with conical connections, as is shown in 
Fig. 185, p. 133. 

The body of the pump is of cast iron, of massive construction ; the 
plunger and other moving parts working under pressure have carefully 
packed glands. A good paclang for this purpose is made of asbestos cord, 
greased with tallow and black lead. 

The manner in which the delivery of the pump is controlled by the governor, 
in accordance with the load on the engine, may now be considered. 

The first idea which suggests itself for the solution of this problem is that 
of varying the stroke of the plunger, modifying the throw of the actuating 
eccentric by means of an axial governor. But it is obvious that the pump 
would not be able, at tTie lowest powers and with the engine running light, 
to deal satisfactorily with the minute quantities of the dense and viscous 
fuels employed. 

A very small bubble of air in the pump chamber would be sufficient to 
stop the action of the pump. The plunger in its very small motion would 
merely compress and expand the bubble of air without raising the valves. 

On the other hand, since the pressure which the plunger has to overcome 
is very considerable (45 to 75 atmospheres — i.e., 640 to 1,100 lbs. per square 
inch), a gear to give a variable stroke, and one that would not cause a 
large reaction on the governor, making it oscillate with every stroke of 
the plunger, would be (fifficult to design.* 

* These difficulties are subject to the condition that the pump has to oyeroome the 
injection air pressure. For those types of fuel injection valves in which this is not the 
case (see p. 137, and following), it is possible to adopt, as indeed are adopted, systems 
using a variable pump stroke. 
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Thus the problem has to be solved in such a way that the regulation 
is not obtained by any alteration of the plunger stroke, and that a quantity 
of oil corresponding to the whole pump cylinder volume passes the suction 
valve each suction stroke. For this reason, the fuel injection pumps of 




A 
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Fig. 272. — Diagram of one of the Earliest Deaigns of Fuel Injection Pump 

showing Governing Device. 

Diesel engines draw a quantity of oil in excess of that required, of which 
a part only goes to the fuel injection valve, the excess passing back through 
the suction valve during a part of the delivery stroke. 

In calculating the pump cylinder volume, a consumption of fuel of from 
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600 to 900 grammes (1*32 to 2 lbs.) per B.H.P. per hour is always assumed. 

Regulation takes place at all loads, or, in other words, even when the engine 

is working at an overload, only a fraction of the delivery from the pump 

goes to the fuel injection valves on the engine cylinders. 

The actual arrangements designed to achieve this result are many, but 

all are similar in their fundamental conception. The oldest arrangement, 

now abandoned, is shown in Fig. 272. 

The pump plunger on its 
upward stroke draws the 
fuel oil contained in h 
through the suction valve 
c. If, when the plunger 
descends, the valve d be 
held on its seating, all the 
fuel will go to the fuel 
injection valve through the 
delivery valve e; if instead 
the valve d be left free, the 
fuel will raise the valve d 
in preference to the valve e 
(which is under the pressure 
of the fuel injection air), 
and will return to the 
suction chamber h. 

If, then, for a certain 
part of the stroke the valve 
d be left free, and for the 
remaining part held in its 
seat, of the total amount 
of fuel dealt with by the 
pump, only the fraction 
delivered during this latter 
period will find its way to 
the fuel injection valve. It 
is in this way that the 
operations of the pump (as 
clearly shown in Fig. 272) 
are controlled by the spring 
plunger / and the wedge 
piece gr, which latter is 
moved by the governor. 

Fuel injection pumps, 
as fitted to modern Diesel 
engines, may be grouped, 

according to their appearance and mechanical details, into four or five types, 

which will be described, but the fundamental idea underlying their regulation 

is the same in all cases, and is as shown in Fig. 273. 

An eccentric a causes a lever h to oscillate about the point o. To the 

lever h is connected a link t, ending in a hook g under the suction valve e of 

the pump. The stroke of the eccentric and the greatest distance e between 
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Fig. 273. — Diagram of Typical Fuel Injection Pump. 
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the highest point of the hook and the lowest point of the suction valve are 
such that during the time the eccentric revolves through a certain angle on 
either side of its upper dead point, the hook keeps the suction valve raised. 
If this happens during the delivery stroke of the pump plunger, the fuel 
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drawn into the pump will not be delivered to the delivery pipe until the hook 
has left the suction valve free, and the latter has returned to its seat. 

By displacing the point o vertically, the initial distance <?, and in conse- 
quence alsOj the amount and the duration of lift of the suction valve due 
to the efiect of the hook, are varied, and thus the delivery of the pump is 
also varied. 
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Figa. 271 to 286 represent some of the more general Eurangements of the 
various parts. 

In the type shown in Fig. 274 the fuel flows from the reservoir to a float 
chamber, from which it passes to the suction chamber of the pump through 
a tube of sufficient section for easy flow, even in the coldest weather when the 
fuel is very viscous. This suction chamber is in communication with the 
atmosphere through a vent c,* and the valve operated by the float a maintains 
the fuel at a constant level. 

The pump has a plunger piston, one 
suction valve, and two cup-ahaped de- 
livery valves in series. The presence 
of the second delivery valve makes it 
possible to fit between the two a test 
valve e with a conical seating, by 
opening which, even when the engine is 
running and the fuel injection valve is 
under pressure, it ia poasible to test the 
regularity of the pump discharge. 

Fig. 275 shows the arrangement o£ 
these valves, and Fig. 276 that of the 
pump. 

The hand-controlled plunger p {Ftg. 
374) permits of the pump and the piping 
to the fuel injection valve being fiUed 
when, after an overhaul, they may have 
been emptied, and serves thus to ensure 
. a small quantity of fuel being present 
in the fuel injection valve before the 
engine is started. This plunger has an 
end in the form of a valve, in order to 
avoid the necessity of carefully packing 
the gland, an operation of considerable 
difficulty in view of the small diameter 
of the plunger, in fact with this form 
of combined plunger and valve, there 
ia no necessity for a packed gland, 
since the high pressure is a guarantee 
that the valve will be held tight on its 

The hook d, Fig. 274, connected to 

a hand lever, permits of the suction 

valve being held open, thus stopping 

Fig. 276.— Airangement of Fuel Pump the action of the pump, and in 

SaotioQ and Delivery Valves. consequence, the running of the 

engine. < 

In addition to the eccentric working the plunger, there is a second keyed 

on to the shaft at an angle generally different from that of the firat. The 

n be inbwluced at starting, to make the fuel 
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latter regulatee the fuel deliveiy by means of the levei I and the link t, ending 
in anothei hook situated under the suction valve ; this hook is laised or 
lowered according to the position of the governor, which, by modifying 



Fig. 276. — AnaDgement of Pump ehowu in Fig. 274. 

the initial position of the movement of the link I and of the hook (the 
stroke being constant), causes the hook to hold the suction valve open 
through a longer or shorter part of the delivery stroke. 
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As will be shown latei, tte two eccentrics of the pump may be keyed on 
at the Bame angle, in which case one of them may be eliminated, as shown 
in Figs. 277 to 279. 

Fig. 277 shows also a type of arrangement (A) which is to be found in 
nearly all fuel pumps. The bell crank lever c is not rigidly fixed to the 



shaft worked by the governor; to this shaft, on the other hand, is keyed 
the lever e, to which is fastened the spring d, keeping c in contact with the 
adjusting screw a. 

By turning this screw, the position of the lever c is changed with respect 
to that of the governor, and the initial distance between the hook and the 
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suction valve is altered. In other words, the screw a permits the delivery 
of the pump to be varied for a given position of the governor. 

By pushing the handle of the lever c, overcoming the pressure of the 
spring d, it is possible, by lowering the hook so much that it is not permitted 
to touch the suction valve, to obtain the full output of the pump on starting 
the engine. 




Fig. 280. — ^Diagram of Fuel Pump Regulation (Langen & Wolf, Giazer, etc.). 



The design of pump represented in Fig. 280 is derived directly from 
the one just described ; its general action and the regulation are identical, 
and all the details of the pump previously described are to be found — 
the delivery valves between which the test plug is fitted, the hand pump 
for fiUing the fuel piping, etc. In this case, however, the suction, instead 
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of being taken from a chamber at atmospheric pressure, is under the 
hydrostatic pressure of the fuel reservoir, and so the float chamber is dis- 
pensed with. 
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The following designs of horizontal pumps are driven from the intermediate 
vertical shaft, whilst those hitherto described take their motion from the 
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horiEontal cam shaft. The cam shaft, is four-cycle engines, revolvea at 
half the speed of the crank shaft, whilst the mtermedlate vertical shaft 
generally levolvee at the same speed as the engine, to accommodate the 
governor, since a lower number of revolutions of the intermediate vertical 
abaft would necessitate a la^e-sized governor to give tbe . requisite Vnergy 
for controlling the valves. For tbis reason, when they take their motion 



from the vertical shaft, with four-cycie engines, the fuel injection pumps 
have two delivery strokes for each combustion stroke of the engine. 

Figs. 261 and 282 represent a pump of this type, having two eccentrics, 
one operating the plunger, the other controlling the suction valve. Control 
of the suction valve is obtained in the usual way by holding it open, through 
the medium of the angle piece d {Fig. 281), during a part of the delivery 
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stroke. The pin about which this angle piece pivots is not fixed directly 
to the pump casing, but to an internal lever, connected externally to the 
governor. The motion of the piece d ia, therefore, practically constant, but 
for difierent positions, of the governor, which raises xa lowers its fulcrum, 
the period of the delivery stroke, during which the suction valve remains 
open, is varied. 

An arrangement which permits of the suction valve being kept open 
throi^;hout the whole revolution serves to stop the engine. 

In addition, it is possible to dispense with the small hand pump by 
utilising this gear to lift the suction valve to such an extent that it in turn 
raises the delivery valves o5 their seats and allows the fuel to flow into the 
piping under its own head. By opening a small vent in the fuel piping near 
the fuel injection valve, air is released and the fuel flows freely. Figs. 263, 
284, and 285 show the arrangement described. In I is seen the running 




position, in II that for " stop," and in III that for flooding the fuel 
piping. 

For this type of pump a test plug similar to that shown at e (Fig. 274) 
is necessary, and in place of fitting a 3eparat« valve for this purpose, the vent 
screw above mentioned, which serves to open communication with the 
atmosphere on the fuel injection piping, is frequently made use oL 
Between this test plug and the fuel injection valve a non-return valve is 
fitted to prevent the fuel injection air from escaping when the test plug 
is opened. 
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A modification of this pump, as regards the method adopted for regu- 
lation, is shown in Fig. 286. 

The fulcrum of the angle lever d (Fig. 286) is fixed, and the variation 
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of the quantity of the fuel supply is obtained by varying the angle of lead 
of the eccentric operating the suction valve, relatively to that of the 
eccentric actuating the plunger. 
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This variation is obtained by the action upon the distributing eccentric of 
an axial governor of the type represented diagrammatically in plan in Fig. 287. 

As already stated, the design of pump shown in Fig. 272 is now 
abandoned, whilst the types iUustrated by Figs. 273 to 286 are all widely 
used with satisfactory results in practice. 

The arrangement shown in Fig. 274 is of the type adopted by Messrs. 
Langen & Wolf, M.A.N., G. F. Deutz, Harl6, Giildner, Savoia, etc. ; that 
in I^. 280 is met with in engines of Langen & Wolf, Grazer, etc., and those 
shown in Figs. 281 and 286 indicate the practice of Tosi, Sulzer, A.B.D.M. 
Stockholm, Carels, S.L.M. Winterthur, etc. 

The designs most generally adopted may be classified into vertical and 
horizontal t3rpes, according as the motion is received from the horizontal 
cam shaft or from the intermediate vertical shaft. Many characteristics are 




Fig. 287. — Axial Governor for Fuel Regulation. 

common to these two types, and although generally not dependent, as 
regards the main structural features, upon whether the driving shaft be 
vertical or horizontal, yet it so happens that this latter consideration serves 
well to difEerentiate the design. 

As an example of the foregoing, it will be found that when the fuel injec- 
tion pump is driven from the vertical shaft, one pump usually serves to 
supply all the cylinders, whereas if driven from the horizontal cam shaft 
separate pumps are generally provided for each cylinder. 

In the former case, at some point in the fuel delivery piping, a distri- 
butor is fitted, from which branch as many pipes as there are fuel injection 
valves to be supplied. As the total delivery of the pump is to be divided 
between them in equal parts, there is at the connection of each branch pipe 
a steel diaphragm, with a minute hole calibrated by trial, in order to com- 
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pensate for the difEerent losses of pressure to which the oil is subjected in 
reaching the various cylinders. 

In engines of recent design, a separate pump is frequently adopted for 
each main cylinder to dispense with the distributor, and the pumps, cast in 
one piece, have their plungers driven by a single eccentric working a cross- 
head to which they are all attached. This type of multiple pump, although 
making it easier to ensure an equal division of power between the various 
cylinders than does the use of a single pump and distributor, does not, as 
might at first appear, fulfil the idea which inspires those constructors who 
adopt one independent pump for each main cylinder as the solution for ideal 
fuel regulation. 

These independent pumps have their eccentrics keyed on at difierent 
angles, corresponding to the angles of the cranks of their respective cylinders, 
that each may deliver fuel to the injection valve it supplies, just before 
the valve opens. Thus, directly the governor has moved under the influence 
of change of load, the cylinder which first operates on the combustion stroke 
will receive fuel from the pump, regulated by the governor conforming to the 
new load. On the other hand, in cases where there is a single pump with a 
distributor, or — what comes to be the same thing — a multiple pump with 
a single-driving eccentric, should the load vary when the fuel injection valves 

Cylinders. 




Pumps. 

Fig. 288. — Arrangement of Pipes from Four Fuel Pumps operated in pairs by 

Two Eccentrics. 

have already received their supply of fuel, as regulated by the position of 
the governor before the change, it follows that all the cylinders will have one 
combustion stroke to perform corresponding to a power in conformity with the 
previous instead of with the actual load. In this way, the correct fuel supply 
will not be established before the succeeding series of combustion strokes. 

This consideration is, in practice, of much less importance than might 
appear, on account either of the rapid succession of cycles, of the relative 
sluggishness of movement of the governor, or of the momentum of the 
flywheel. It is also made of less account with four-cycle engines, owing to 
the fact that the horizontal pumps, taking their motion from the vertical 
shaft, give, as already stated, two delivery strokes for every combustion 
stroke of the engine, so that at the second stroke they may have come under 
the influence of the governor, whereby the total supply of fuel is more 
proportionate to the load. 

Pumps with vertical plungers are also sometimes made of the multiple 
type. For example, in engines with four cylinders the four pumps may be 
tmited in pairs, actuated only by two eccentrics, but in this case the delivery 
pipes will be arranged as shown in Fig. 288, so that, although the pumps are 
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not exactly in phase with the cylinders, a sufficient approidmation is 
obtained. 

It has been seen in several types of pumps, especially when horizontal, 
that the hand-actuated plunger is oYnitted and in its stead the test-plug is 
fitted close to the fuel injection valve, so that the fuel, prior to starting, 
is in a position rapidly to reach this valve when the engine is put in motion. 
With the hand pump, besides being able to deliver some fuel into the 
fuel injection valve before starting the engine, there is the further advantage, 
owing to the hand pump valves being the same as those of the main fuel 
pump, that it is possible to ascertain if the fuel injection pump is working 
correctly. This reduces the probability of a failure to start. 

In those pumps provided with a float for regulating the fuel level, in which 
the suction chamber is in communication with the atmosphere, it has already 
been pointed out that, to facilitate starting, a little paraffin may be intro- 




Fig. 289. — Fuel Distributing Mechanism with Ecoentrio at its Lowest Position. 

duced through the vent c (Fig. 274, p. 197). In all other types, it is 
desirable that the fuel cock to the pump should be of the three-way type, 
communicating with the heavy oil tank, and with another containing a 
lighter and more fiuid fuel. If the precaution is taken to run the engine 
with paraffin for the last minute or so previous to stopping, the pump 
and the delivery pipes will be charged with this fuel, and the re-starting 
of the engine will be greatly facilitated. 

Caleutotion of Fuel Pumps. — ^The diagrams and calculations for the fuel 
injection pump, and for its regulation, may now be considered.* 

With further reference to the arrangement (Fig. 273), it has been shown 
that the hook ^, moved by the distributing eccentric a, must lift the suction 



* Tlie treatise here given was first published by the author in II Polytecnieo, No. 8, 
1912, " Variable Delivery Pumps." 



FUEL INJECTION PUMP AND FUEL REGULATION. 



209 



valve of the pump, and keep it raised for a iraction of the delivery stroke, 
in order to permit of the return of a portion of the fuel to the suction side. 

Thus, only when the hook g has descended far enough to leave this valve 
on its seating, will the useful part of the delivery stroke commence. 

In the diagram (Fig. 289) the distributing mechanism is shown in the 
position where the eccentric is at its lower dead centre. Supposing the 
governor to be in a given position — that is to say, with the point fixed 
in space — e is the greatest distance between those points of the hook and of 
the suction valve which come into contact the one with the other. 

A circle of diameter equal to the stroke c of the hook is drawn (on the right 
of Fig. 289) tangential to the horizontal straight line passing through the 
extremity of the hook, and is cut by another straight line drawn horizontally 
through the extremity of the valve, when the latter is resting on its seat. 




s 

Fig. 290. — Fuel Distributing Mechanism with Position of Hook modified by 

action of the Governor. 

This gives the whole diagram of the action of the distributing syBtem (leaving 
out of account obliquities of the connecting links). 

To each angle p^. of the displacement of the eccentric from its bottom 
dead centre, corresponds a lift A^ of the valve ; 2 /3 is the angle travelled 
by the eccentric while the suction valve is subject to the action of the hook ; 
360^—2 P that during which it is free ; and h the maximum lift of the valve. 

If, due to the action of the governor, the point o is displaced to o^ 
(Fig. 290), the stroke c of the hook will remain unchanged, but the value 
of tiie greatest distance e will become e^, and correspondingly the maximum 
lift h will become A^, because the circle, of diameter c = 6 + A, will have 
been lowered with respect to the straight line//i passing through the extremity 
of the valve, the latter remaining fixed in space. 

U 
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With the displacement of the point o, the lifts h^ are varied in accordance 
with any angle P^, and the angle 2^, during which the suction valve was 
raised by the hook, will be changed to 2 /S^. 

The deductions will be equally true if, instead of considering the displace- 
ment of the circle, of diameter c, with respect to the straight line//i fixed in 
space, that of the straight line is considered with respect to the circle main- 
tained fixed. 

The positions/;//, /g/g', /s/s', etc., of the secant (Fig. 291) correspond 
to the various positions of the point o (Fig. 290). The Tnaximum distances 
^> ^2> ^3> ®tC' J *^® maximum lifts hi, h^ k^, etc. ; and the angles 2 /Sj, 
2 ft, 2ft, etc., during which the suction valve is raised by the hook, are 
dependent upon the above-mentioned positions of the secant. 

So far, merely the details of the distributing system have been considered ; 




Fig. 291. — Positions of the Secants relative to those of the Govemor Collar. 

but of more interest is the action of this system, as will now be considered 
with reference to the pump plunger. 

The action of the pump, if there were no distributing arrangement, might 
be represented (Fig. 292) by a circle of diameter equal to the stroke S of the 
plunger, in which the arc aitn a would be the suction, and the arc anai the 
delivery stroke. 

During the suction stroke the corresponding valve is automatically 
raised, and its lifts are to a certain scale, neglecting the obliquity of the 
connecting-rod, proportional to the heights d, which correspond to the various 
angles traversed by the crank. 

Super-impose the two circles, which represent the diagrams of the 
plunger and of the distribution system, so that they have a common centre, 
and so that the axes of motion a a^ and b b^ contain the angle a, equal to that 
which the two eccentrics or the two cranks of the plunger and of the dis- 
tribution system make with one another. The straight line aoi will cut the 
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Giicle representing the action of the distributing mechanism at a!a{. Straight 
lines are drawn from the centre of the diagram through / and f to cut the 
circle representing the action of the plunger at/j and/^' respectively. 

The diagram (Fig. ?93) will thus be 
complete : let a be the angle between 
the two cranks ; for a given position 
of the governor corresponding to a 
maximum distance e between the 
extremities of the hook and of the 
suction valve, the latter will be raised 
by the hook through the arc /'fc/, 
and will lift automatically, due to the 
effect of suction, through an arc 
a{ h^fo! , And so altogether the valve 
will be raised for the whole time that 
the eccentric of the plunger takes to 
traverse the arc aja/i, and the effec- 
tive delivery stroke will be reduced 
to the period /jOi — ^that is to say, s. 

The governor, by displacing the 
straight line //' parallel to itself, will 




Fig. 292. — Diagram of Action of the Pump 
Plunger, shaded part representing saotion , 
stroke and plain part deliveiy stroke. 



correspondingly vary the distance e, and with it the useful stroke «. 

Values of a for angles giving the desired regulation will now be considered. 

Two conditions must be satisfied : — 

(1) A part of the arc /I'a/i, traversed by the eccentric of the plunger 
whilst the hook keeps the suction valve raised, must occur during the 
delivery stroke. 




Fig. 293. — Combined Diagram of Actions of Plunger and Distributing Mechanism. 

(2) Whatever may be the position of the governor between those which 
correspond to the delivery required for the engine at overload and for no 
delivery, the point /' at which the lift commences under the action of the 
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hook must be in the semi-circle a^h^a ; or, in other terms, the lift must always 
commence during the suction stroke of the plunger. 

The first condition is obvious and does not require explanation. The 
very great importance of the second is easily understood by considering that 
if the hook had to lift the valve during the delivery stroke of the plunger, 
when the whole pressure of delivery was upon the valve (45 to 75 atmospheres 
— 640 to 1,065 lbs. per square inch) — ^the effort required would be consider- 
able, and a large reaction would be transmitted to the regulating gear. 

It is easy to be persuaded by sketching * the corresponding diagrams 
that the angles a enclosed between 90° and 360° do not satisfy the aforesaid 
conditions, because those between 360° and 240° do not fulfil the second 
when the delivery is almost zero, those between 240° and 90° do not corre- 
spond for any position of the secant //' — that is to say, for any position 
of the governor. 

For a = 0° the action of the regulation takes place in a perfect way, 
for a <C 90° the second condition is satisfied only if the maximum delivery 
required is less than that corresponding to the whole cylinder volume of the 
pump. 

If, in fact, for action at maximum loads a delivery greater than that 
which corresponds to the useful stroke s^ (Fig. 294) were necessary — i.e., 
the secant// had to be displaced as far as/j//, so that the point// would 
go further in the direction of motion than the dead centre a, the valve during 
the part afi would already be closed, and a useful delivery stroke would be 
commenced, to be interrupted by the action of the hook during a period 
fifv ^^^ ^^^^ recommenced when the point /^^ had been passed. The second 
condition would not then be satisfied. 

The maximum useful stroke allowed to a given pump for a given value 
of a less than 90°, may then easily be found by considering the limiting 
condition in which the point fi is found on the axis a a^. In this condition 
(Fig. 295)~ 

(Ta; = c — A sin a, 

but 8^ = (Tx» —> 

c 

S 
from which «a. = (c — ksma) - , 

c 

but k =s c sin a, 

whence s^ = {c — c sin^) - . 

c 

Sr = c cos^a . - ' 

5, = S cos^a. 

That is to say, ifa<C 90°, in order that the regulating gear may work correctly, 
the cylinder \)olu7ne of the putnp must be such that, loith the engine at maximum 
load, the required delivery may be less than that corresponding to a useful stroke 
S cos^ a. 

From this formula it results that the necessary cylinder volume increases 
rapidly with the value of the angle a to a limit when a = 90° and the useful 
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delivery stroke 8^ = 0. The ^Tactical ikdues for this angle a are in fact a = 
from 0^ to 45** inclusive. 

Further, to design the fuel injection pump and its regulating gear for a 




Fig. 294. — Combined Diagrams of Action of Plunger and Distributing Mechanism 
of a Pump unsuitable for a given Maximum Delivery. 




Fig. 295. — Combined Diagrams of Action of Plunger and Distributing Mechanism 

showing Maximum Useful Stroke of Plunger. 



214 



LAKD AND MARINE DIESEL ENGINES. 



given engine, it is necessary, first to estimate closely the maximum hourly 
/ ^ fuel consumption at full loads Fq,„ ; to select a suitable value for a, 
and then to determine a cylinder volume for the pump, such that if A is the 
area of the cross-section and S the stroke of the plunger, the maximum 
estimated delivery will be 

FmM.<60n,A.Scos\z, 

in which n is the number of strokes per minute. 

The value of the stroke c of the hook may then be determined by the aid 
/ of the diagram, after which it is possible to draw out the whole diagram of 
regulation (Fig. 296). 

The useful stroke 8^ correspondifig to the engine at maximum load is 
immediately obtained from Fmax. = 60 . n . A . ^m* 




Fig. 296. — Combined Diagrams of Action of Plunger and DiBtributing MechaniBm of 
a Pump suitably designed for delivery at all Loads from No-load to Maximum. 

The secant /„/',„ can thus be drawn corresponding to the position of the 
governor when the engine is at full load. This secant, on being displaced 
parallel to itself for the varying powers of the engine, gives the various 
values of useful stroke «» and consequently the deliveries of the pump. When 
the secant reaches /,/' J^d passes through the bottom dead centre a^, the 
useful stroke, and therefore the delivery, become zero. 

Thus by varying the distance e between the extreme point of the hook 
and of the suction valve, from e„^ to e^, — that is to say, displacing in space 
the travel of constant amplitude c of the hook by a distance ^^ e^ — e^y 
a variation of delivery from o to F„,ax. is obtained. 
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In other tenns, by assigning to the collar of the governor a stroke which, 
being transmitted by the levers to the linl^ of the hook, will be transformed 
into the length £„(, the complete regulation of the engine is achieved. 

The corresponding values of the displacement e, the useful stroke «, 
and of e = e -{■ e^ may be taken from the diagram (Fig. 297), or from the 
f oUowing equation :— 

e = a + h, 



whence 



h 
a 
e 



cos a' 



= (m — n) sin a = sin a {V<t (c — cr) — cr tan a), 

= — — + sina (\/<t(c — <t) — cr tan a) . 
cos a 



(1) 




Fig. 297. — Diagram giving Values of e, e, and 8, 

from which may be obtained o- and therefrom 8 with the aid of 

S 

« = <T -. 
C 

The values of the maximum distance e between the hook and the suction 
valve are to be found from 

e = e + e^ = e + ^ (1 — cos a). 

From the formulae above it results that when a = 0, £ = o*, and since 
e^ = 0, therefore o- = e. That is to say, s = e-. 
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jPor every position of the governor, if a = 0, the useful stroke of the pump 
is proportional to the maximum distance between the suction valve and the hook, 
in the, ratio of the stroke of the pump plunger to the stroke of the hook. To 
apply the foregoing considerations to a particular type of pump for Diesel 
engines, a numerical example will be taken. 

1. The calculation for a pump of the type shown in Rg. 274, p. 197, 
will be made, to design the regulation for a four-cycle Diesel engine of 
30 normal B.H.P. and 36 maximum B.H.P. in each cylinder, with a speed 
of revolution of 220 per minute ; the speed of the pump, which is driven 
from the horizontal cam shaft, will be 110 revolutions per minute. The 
cylinder volume of the pump must be such as to give a delivery equal to 
a consumption of 600 to 900 grammes (1-34 to 2-0 lbs.) of fuel per B.H.P. 
per hour at full output. A plunger diameter of 18 mm. (-71 inch), with 
a stroke also of 18 mm. (-71 inch), answers exactly to this condition.* 

The total delivery resulting is — 

18 X J. 182 X 110 X 60 = 301,752 cub. mm. per hour, 

which is equivalent, supposing the specific gravity of the fuel to be 0*93, to 
a consumption of 

30-1752 X 0-93 =. about 28 kg. per hour ; 

i.e., i^ = about 0*75 kg. of fuel per B.H.P. per hour at maximum load 
of 36 B.H.P. 

It is known that an engine of the type under consideration, if well regu- 
lated, ought to consume at overload about 205 grammes ('452 lb.) per B.H.P. 
per hour of heavy oil with a calorific value 10,000 calories per kg. (18,000 
B.Th.U. per lb.). At normal load the consumption should be 200 grammes 
(•441 lb.) per B.H.P. per hour, and at | and ^ load 210 grammes (463 lb.) 
and 240 grammes ('529 lb.) respectively. It is easy, therefore, to calculate 
the delivery necessary for each load and by simple proportion, the corre- 
sponding useful strokes ; t 

F 

in which s = useful stroke of the pump required for supplying the engine 

at a given load. 
S = total stroke of pimip plunger. 

F, = delivery in grammes per hour corresponding to stroke s, 
Fg = delivery in grammes per hour corresponding to stroke S. 



* fhe plunger and its rod may have the same diameter proyided this be suitable to 
withstand, without undue stress, the end on load calculated for a pressure of at least 
80 kgs. per sq. cm. (1,140 lbs. per square inch). 

t In marine engines in general, it is not necessary to trace the positions of the regu- 
lating mechanism corresponding to each intermediate load. The exception is the case 
in which the reversing system is external to the engine, and is such as to allow the engine 
to work at a constant speed (the Del Proposto and Fottinger systems). With these 
systems a centrifugal goyemor, identical with that for stationary engines, is substituted 
for the manoBuvring wheel. If an engine is rigidly connected to the propeller, it is suffi- 
cient to design the regulating mechanism for full power and for the estimated minimum 
speed. To find this latter position, it will be necessary to calculate approximately the 
B.H.P. and the fuel consumption corresponding to that speed. 
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In the case under consideration, the values are as follows : — 



Load. 



Power in 
B.H.P. 

N. 



Fuel 

Consumption 

in Grms. per 

B.H.P.-hour. 

K. 



K N gr. H = 



Maximum, 
Normal, . . , 
Three-quarters, ' 
One-half, 


36 

30 ! 

22-6 

15 

1 


205 
200 
210 
240 



7,385 
6,000 
4,725 
3.600 



28,000 



X 1*8 cm. 



0-476 
0-386 
0-304 
0-231 




ys/u*8 of^S I 



Fig. 298. — Diagram giving Values of e, e, and o-, corresponding to values of 

useful strokes s when a = 0. 

At this point a value must be assigned to the angle a. The calculation 
may be first made for a value a = 0°, and then for a = 45°. If a = 0, the 
equation (1) (p. 215) for the values of 8 and of e becomes 



fi = a = 



S 



= f . 



Fixing the travel e of the hook at 10-8 mm. (-425 inch) ; then 

10-8 



e = e = 8 



18 



= 0-6 5. 



Substituting in this equation the values of s found above for the v^arious 
loads (see Rg. 298)— i.e., for B.H.P's. of 36, 30, 22-5, 15, the corresponding 
values of e in cm., 0-285, 0-232, 0-182, 0*139, are obtained. And so, if a = 0, 
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to obtain a delivery variable between the limits and about 7*4 kgs. (16*35 
lbs.) per hour, corresponding respectively to the point for stopping the engine 
and that for running at maximum power, it is sufficient if the travel of the 
collar of the governor be such as will vary the value of e (which in this case 
is equal to the maximum distance e between the hook and the suction valve) 
between zero and 2*85 mm. (-112 inch). 

Having selected a suitable governor for the engine with, say, a stroke of 
20 mm. (•787 inch) to give the complete regulation, a system of levers must 
be designed to transmit the movement to the hook, giving it a certain addi- 
tional movement below the zero point and above that for the delivery at 
maximum load. / 

. This is done in order to take account of the volumetric efficiency of the 
pump, an efficiency which so far has not been considered. In the case under 
consideration, the levers may be designed so that, with a governor stroke 
of 20 mm., e = 3 to 3*1 mm. (-118 to -126 inch). Putting now a = 45®, and 
leaving unchanged the other details of the pump, the values obtained for 
F« and s for the various loads still hold good, but it is necessary to recalculate 
those for e and £. 

Before proceeding, however, it must be ascertained whether, for a = 45**, 
the travel of 18 mm. is such that at maximum load the point/' is before the 
dead centre a\ That this may be the case, the following conditions must be 
satisfied (see p. 212) : — 

Sift <! S cos^a. 

Sm < 18 X cos* 45°. 

s„ < 9 mm. (0*354 inch). 

Since it has been found (see table on p. 217) that the useful stroke 8 
corresponding to the maximiun load is 4*75 mm. (0*191 inch), these con- 
ditions are fully satisfied, and the total travel of the pump plunger fixed 
at 18 mm. is sufficient. 

The values of the displacements e of the travel of the hook corresponding 
to the various loads are found from — 

€ = + sina {V(t(c— a) — o-tana}, 

cos a 

c 

in which a = 45°, c = 10*8 mm., S = 18 mm., and s has the value found 
above — 

(T = 0*6 s, 



e = ^^^Y + ^"'^^^ (Vo-(10-8 - a) - a). 

From the values of e those of the maximum distance e between the hook 
and the valve will be easily deduced from 

e^e + €o=^6 + ^(1 — cos a) = e + 5*4 (1 — cos 45°) 
= 6 + (5*4 X 0*293) = e + 1*582 mm. (0*0622 inch). 
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N = 



B.H.P. 


s mm. 


(T mm. 


£ mm. 


emm 


36 


4-76 


2-85 


5-38 


6-96 


30 


3-86 


2-32 


4-77 


6-35 


22-5 


3-04 


1-82 


4-15 


5-73 


15 


2-31 


1-39 


3-54 


5-12 



Thus, to obtain the entire regulation of the engine when a — 45°, the dis- 
placement e of the hook should be 5-38 mm. (0-212 inch) (Fig. 299). That 
is to say, a travel must be assigned to the collar of the governor such as to 
produce a displacement e of 5*5 to 5-6 mm. (0-216 to 0-220 inch), to take 
into accoimt as usual the volumetric efficiency of the pump. 

2. For pumps of the type represented in Fig. 280 (p. 201), the oalcula- 




Fig. 299. — Diagram giving Values of e, t, and o-, corresponding to values of 

useful strokes a when a = 45^. 



tion is the same ; only, since the suction valve is inverted, all the considera- 
tions made for the values of a must be considered valid for an angle 
a + 180°. 

The same holds good within practical limits for the design represented 
diagrammatically in Fig. 281 (p. 202), in which the distributing eccentric 
transmits its movement to the valve by means of the angle piece d. 

3. For the type of pimip represented by Fig. 286 (p. 205), in which the 
action of the governor varies the angle a according to the load, the calcu- 
lation is made thus : — 

The secant//' is displaced in this case, not parallel to itself, but always 
tangential to a circle concentric with that of the diagram. 
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For this reason the value of e (Fig. 300) remains constant^ but the values 
of e and e^, which modify the useful travel «, vary. To ensure that the two 
fundamental conditions of satisfactory regulation are fulfilled, the following 
must be true : — 

The delivery of the pump becomes zero when the position of//' has reached 
fofo — that is, when the point / coincides with a^. The maximum delivery 
compatible with the two fundamental conditions is obtained when the point 
/' of the secant moves tof^ and coincides with the same dead centre aj. 

The positions for maximum and minimum delivery are, therefore, sym- 
metrical with respect to the axis of movement a a^. 




Fig. 300. — Diagram of Regulation of Pump in which the angle between Eccentrics 
working the Plunger and the Hook is varied by the Governor. 



Fuel Injection Pumps and Regulation of Marine Engines. — The f u^l pumps 
of marine and of stationary Diesel engines are almost identical, except 
that the control of the fuel delivered at the various loads, instead of being 
automatically effected by a governor, is carried out by means of a hand- 
actuated control wheel or lever. . 

In the case of marine engines, of course, the speed is not constant, and 
a reduction of power is always accompanied by a decrease in the rate of 
revolution, so that the centrifugal governor cannot be satisfactorily applied. 

When the orders— ;/t«Z/ sjpeedj half -speed, and slow — are given on the engine- 
room telegraph, the engineer moves the control lever or wheel, changing the 
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initial position of the hook under the Buction v&tve of the pump, and thus 
varying the delivery of the latter to obtain the desired speed of revolution. 

Greater variety of design is found with marine than with Btationaiy engines 
in all their details, including the fuel injection pumps, in the case of wliich 
different methods of grouping and control are adopted, although the general 
action is usually the same. 

The efiects of the reactions on the governor gear are less to be feared, 
and may even be neglected by the designer, and in some casen indeed the usual 
methods of regulating, as fully described heretofore, may be abandoned, 
and for simplification a variable stroke plunger adopted, as is done in the 
8abath6 engine (Pig. 301). 

In certain engines for cargo boats, it is preferred to have one single, large, 
and substantial pump for the whole engine, instead of providing one pump 
for each cylinder. Generally, however, in such cases, a second complete 
pump is fitted as a stand-by (Werkspoor). 



Pig. 301. — Method of obtabing Variable Stroke of Pump Plunger (SabathS). 

Safety Goveraors.— By means of the control lever, it is possible, as has 
been seen, to vary at will the power developed by the engine, and, conse- 
quently, the speed of the ship. It may happen that the resistance against 
which the engine is working diminishes so unexpectedly and suddenly that 
there is not time to control the engine before an excessive and even 
dangerous speed of revolution is attained. 

In addition to the exceptional cases of breakage of the propeller shaft 
01 of breakage or loss of the propeller itself, a great reduction or even almost 
a complete removal of the load oft«u takes place in a heavy sea. In fact, due 
to the pitching of the ship, the propeller may partially or even totally emerge 
from the water, suddenly taking the load off the engine and allowing it to race. 

In order that the engine should never run above a maximum given speed 
(at least with engines of any considerable power) a safety governor is 
provided. 
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This may conBist of an eccentrically revolving mass held in by a centri- 
petal spring. When the speed of revolution assumed by the engine increases 
above the normal by a certain amoimt (which may be 10 to 15 per cent.), 
the mass is thrown out so far from its axis by centrifugal force that in revolving 
it engages with and frees a trigger. A spring then pulls over a lever and im- 
mediately raises all the suction valves of the fuel pump, putting it suddenly 
out of action. 

With such quickly acting governors it is necessary to replace the lever 
and the trigger in order that the engine may recommence firing. During 
the time employed in carrying out this operation the engine may stop alto- 
gether. Besides being inconvenient (necessitating a restart with compressed 
air), this might, imder certain conditions, be dangerous. On this accoimt 
a complete centrifugal governor similar to those fitted on stationary engines, 
but isochronous, is often preferred.* When the collar of the governor is in 
the highest position it holds up the suction valves of the pump ; directly the 
speed is reduced below the determined maximum the collar returns auto- 
matically to its lowest position, and leaves the valves free to act normally. 

In cases where the governor merely " throttles " the engine when it tends 
to race, due to emersion of the propeller, the Dunlop type of governor, which 
acts under the influence of the varying pressure of the column of water 
above a given point of the stern of the ship, may be applied. 

These pressure governoi*s have a quicker action than others, because 
they act even before the engine revolutions have accelerated, but are useless 
in cases of breakage of the shafting or of the propeller. 



* A gOYomor is isochronous when the centrifugal forces acting on the weights and the 
centripetal force of the spring are equal to one another for any position of the weights 
at a certain rate of revolution. If the speed is the least degree higher or lower than 
the number of revolutions per minute at which the goyemor is in equilibrium the collar 
flies to its corresponding extreme position. 
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CHAPTEK Xm. 

COMPRESSORS, AIR RESERVOIRS, AND SCAVENGING PUMPS. 

The high pressure air necessary lor the injection of the fuel oil into the 
working cylinders during the running of the engine, and that which is used 
for starting the engine, is pumped by one or more compressors into cylindrical 
steel reservoirs. One of these — the smallest — is used for fuel injection air, 
and in the others, which are two in number with stationary plants, and 
several with marine installations, the air delivered in excess by the com- 
pressor is stored for starting. 

The pressure necessary for fuel injection varies with the load and with 
the type of the engine, but is seldom lower than 45 atmospheres (640 lbs. per 
square inch) nor higher than 75 atmospheres (1,065 lbs. per square inch). 

Starting,, on the other hand, can be carried out with air of an initial 
pre^ure of 35 to 40 atmospheres (500 to 570 lbs. per square inch), and 
the air stored in one of the larger reservoirs should always be maintained 
at this or a higher pressure. The other, or others, in order to form a 
reserve of power, are charged to about 70 atmospheres (1,000 lbs. per 
square inch), to serve, in case of a failure to start, to bring the pressure 
in the first up to the value necessary. A system of valves and pipes 
connecting the reservoirs makes all these arrangements possible. 

Ccmipressois. — On account of the high pressure to be reached, the con- 
struction of compressors is not without its difficulties. 

The compression is always arranged to take place in two or three 
stages, between each of which the air is cooled by passing through 
a reservoir surrounded by water. In some of the first engines, a two- 
stage compressor, properly speaking, was not used, as air was taken 
from the engine cylinder during the compression stroke at about 10 atmo- 
spheres (142*2 lbs. per square inch), and passed to a small high-pressure 
compressor. A mechanically operated valve similar to the starting valve 
was placed symmetrically with this latter in the cylinder head, and put the 
main engine cylinder into communication with the suction side of the com- 
pressor at a suitable period of the compression stroke. By this means the 
compressor was of small dimensions, but had few of the advantages of com- 
pression in more than one stage. 

In engines of one cylinder only, one compressor is used, whilst those of 
more cylinders may have one or more compressors, sometimes, in fact, one 
for each cylinder. Multiplication of compressors is costly, although it 
certainly guarantees the production of a sufficient quantity of air, even 
when one of the compressors is out of working order. Where there are 
more than one compressor, the dimensions ol each are reduced, and their 
construction is rendered more simple. 

The methods adopted for driving and the positions selected for the 
compressor are many ; the first — at the back of the crank case parallel to the 
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oylindera (Fig. 87}— is still the most common, and permifis of the compressor 
being driven from the connecting-rod by levers. This disposition economises 
space and renders the comuiessor valves quit« accessible, although the 
burnt oil which falls from the piston is bad for the link bearings, which 
are rather inaccesaible owing to their position. When the compressors 
are so placed, multi-cylinder engines have generally one for each cylinder 
(Solzer, M.A.N., Carela, etc), but sometimes one or two for the engine 
(A.B.D.M. Stockholm, Nobel, etc.). 

A difierent method of drive is that shown in Fig. 302 (G.M.A.) and 
Plate XIL (L.W.), showing a veitical compressor as generally used with 
high-speed enclosed engines. With slow-speed engines having independent 
framing for each cylinder, the compressor has its own frames similar to those 



Fig. 302.— Vertical Compresaor direct driven from Crank Shaft (G.M.A.). 

of the main cylinders {Grazer, GUldner, S.L.M. Winterthur). Thifl last 
arraugeraent is often adopt«d with four-cycle marine engines. 

In large M.A.N. Augsburg vertical and horizontal engines the com- 
pressors are disposed as shown in Fig. 303. 

The firm of Tosi often adopts with multi-cylinder engines a single compressor 
disposed vertically inverted in a suitable recess in the seating (Plate XI.) 

Plate IX. (facing p. 192) shows a frequently used method of fitting the 

compressors horizontally. They are bolted to the end of the bed plate 

and driven by the crank shaft. With this arrangement engines of one 

— 'inder have only one compressor, and those of more cylinders two (Langen 

'oil, G. F. Deutz, Benz, etc.). 
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6. P. Deutz, Benz, etc.). 




jv^. 9ft* NUt BU>.— Air Oompresior, belt dftTCn by Eleotrid Motor (Gi 



p. Deutz, Benz, etc.). 
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Some constructors of note, instead of driving tiie compressor from the 
main engine, adopt a compressor separately dnven by a belt or by an 
electric motor {Figa, 304 and 305, Grazer), which arrangement, especially with 




Iilg. 303. — Air CompieMots drivon thiougb a Balaooe Lever (M.A.N.). 



Fig. 301. Fig. 30e. 

Figi. 3tM and 305. — Air CompnMor, belt driven by Electric Motor {Qtai 
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the electrical drive, and if a battery of accumulators be installed to act as a 
stand-by for the electric generator, greatly minimises the risk of break-down. 
As already explained, the maximum output of the compressor should be 
sufficient to charge the starting air reservoirs rapidly while furnishing the air 
for fuel injection. When the reservoirs are charged, the output of the com- 
pressor may be reduced to that necessary for the injection air at a pressure 
determined by the actual load on the engine. To accomplish this, arrange- 
ments are made to reduce the suction of the L.P. cylinder by means of a cock, 
a butterfly valve or a stop, which may be regulated to limit the lift of the 
suction valve.* 



* In large two-cyole Sulzer engines, supplied as reserve plant for electrical power 
stations and subject in consequence to their variable load, an automatic arrangement 
fulfils the duty, usually left to the care of the watch-keeper, of regulating the output of 
the compressor and the injection air pressure in conformity with the load on the engine. 

The lever of the governor (Fig. 306), besides acting on the fuel injection pump, is 




Fig. 306. — Diagram of Arrangement for automatically regulating Fuel Injection 
Air Pressure by Governor according to Engine Load. 

connected to a double-seated valve A in the suction pipe of the L.P. cylinder of the com- 
pressor, to throttle the opening more or less, according as the governor is in the position 
corresponding to a small or large load. On account of the small dimensions of the fuel 
injection air reservoir, the output of the compressor has a rapid influence on the reservoir 
pressure and, therefore, on that of the fuel injection air. 

A small wheel provided with a spring serves to set the valve A. 
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It is especially necessary that the clearance volume of the L.P. cylinder 
shotild be a minimum, and to accomplish this the bottom of the piston 
corresponds in shape as much as possible to that of the cylinder, and 





Fig. 307 (M.A.N. System). Fig. 308 (Langen & Wolf System). 

Figs. 307 and 308. — Dispoeition of Valves of Air Compressors. 

at the end of the stroke the surfaces almost touch. When the compressor 
is vertical, the valves are most frequently disposed as shown in Pig. 307. 
The bottom of the L.P. cylinder and that of its piston are dome-shaped, 
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Fig. 309 (Sulzer System). Fig. 310 (Sulzer and Tosi System). 

Figs. 309 and 310. — Disposition of Valves of Air Ck>mpre68orB. 
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and the valves with their casingB are disposed radially. The H.P. valves 
have their axes parallel, and are bedded in the flat H.P. head (M.A.N.). 
Sometimea, however the H.P. cylinder has a spherical head with radial 
valvea (Fig. 308, Langen & Wolf, M.A.N.). 

For L.P. cylinders Gutermuth type suction and deHverj- valvea (Fig. 309), 
enclosed in a single casing, are sometimes adopted (Sulzer). 



Fig. 311. — DiBpoeition of Valvea in Horucoatal Ait Cumpienor. 

Fig. 310 shows the arrangement adopted by Sulzer and Tosi for the 
L.P. valves, enclosed in an external casing bolted to the compressor 

When the compressors are horizontal, the valvea are sometimes arranged 
with vertical movement, as shown in Fig. 311 (Langen & Wolf, 6. F. Deutz, 
Benz, etc.), or equally well as shown in Fig. 308, in which case their axes 
are at 46° to the horizontal. 



Fig. 312. Fig. 313. , 

Figs. 312 and 313. — R«oTell Air Compieesor. 

In some cases constrnctors, instead of making theii compressors in their 
own works, buy them from firms who specialise in this type of machinery. 

The compressors of Messrs. Beavell (Figs, 312 and 313), having four 
cylinders ra^Uy disposed around a single crank pin, form a good example 
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Fig. 314. — General Arrangement of Scavenging Pamp and Air CompressoiB of 

Two-oycle Land En^e (Solzer). 
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(Tosi, Sulzer, and some British constructora). The two L.P., the LP., aod 
the H.F. cylinders with theii receivers are carried together in a single casing 
in which the cooling water circulates. 

With large two-cycle engines, three-stage compressors are almost the rule, 
and aometimes the scavengii^ pump serves as the first stage, forming the 
L.P. cylinder of the compressor proper. 

Fig. 314 shows the general arrangement of the scavenging pump and 
compressors of a two-cycle land engine, a is the scavenging pump wit^ 
the cylindrical casing b for the distribution valves. The L.P. piston of the 
compressor working in the cylinder d, which is. provided in its upper part 
with a group of Gutermuth flat valves, in this arrangement serves as a cross- 
head for the scavenging pump a. At e are the I. P. and H.P. cylinders of the 
compressor driven by a balance lever. Pressures in the three stages vary, 
as follows :— 

L.P. = 3 kgs. per sq. cm. (42-66 lbs. per square inch), 
I.P. =^ 17 to 20 kgs. per sq. cm. (240 to 285 lbs. per square inch), 
and H.P. = 65 to 70 kgs. per sq. cm. (925 to 1,000 lbs. per square inch). 



Fig. 313. Eg. 316. 

FigB. 31S and 316. — Views ot Air Clompieeaor End of Sulzec Two-cyo)e Land Engine. 

The same arrangement of compressors and scavenging pump is shown in 
section in Plate VII. (facing p. 112), which represents those of the motor 
vessel " Monte Penedo." 

Compressors are usually of cast iron, and are as often cast in one piece 
with their liners as with separate liners. 

The valves, of bronze or of steel, are made with the great«st exactness, 
and are generally so designed that a cushion of air serves to render the return 
to their seating aa gentle as possible.* 
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The suction valves are generally of the poppet type ; the delivery valves 
frequently cup-shaped. All, of course, are loaded with springs. 

For the. L.P. cylinders, besides the Gutermuth type of valves, ring or 
spiral valves of thin sheet steel are often used. 

The pistons are of cast iron, and Fig. 317 shows a piston for a two-stage 
compressor. Tightness is assured by cast-iron rings, which, for the H.P. 
stage, are generally of such a small diameter that they cannot be sprung 
into place; but are carried in stepped carriers held in place by a junk ring 
fixed with a kev or with a nut and lock nut. 

The perfect machining of the piston and of the cylinder, and the selection 
of the material for, and the machining of, the rings, play an important part 
in the efficient working of a compressor. 

The lubrication is of the utmost importance, and this should be con- 
tinuous but not excessive. Too little oil might cause seizing or wear and 
leakage, whilst an excess of lubrication fouls the valves and impedes their 




Fig. 317. — Piston for Two-stage Air Compressor. 



ready working. In Fig. 317 are seen the oil leads, one for the H.P. and the 
other for the L.P. cylinders. Compressor lubrication cannot be carried out 
by a simple drip feed, because the inevitable leakage of air past the piston 
rings gives rise to pressure, interfering with the ready flow of the oil. One 
of the main engine forced lubrication pumps is used for the L.P. lubrication, 
whilst the H.P. requires a high-pressure lubricator. 

It is good practice to fit a safety valve on the delivery pipes, to reduce 
the chances of bursting should the pressure rise to an excessive amount due 
to any error on the part of the engineer, or as a result of the obstruction 
of the passages. 

Air Coolers. — The air which passes from one stage of compression to the 
other and from the H.P. cylinder to the reservoir should be cooled, and the 
connecting pipes must be of dimensions sufficient to form a receiver. 

In some arrangements this receiver is cast with the compressor body 
and is cooled by the same cooling water. The cooling of the H.P. delivery 



232 



LAND AND MABINE DIESEL ENGINES. 



pipe is sometimes effected by passing it through the water lead to the 
compressor cylinder (Fig. 318, Sulzer). 

Fig. 319 shows a unique type of cooler, in which the receiver and the 
delivery pipe of the H.P. stage are cooled (L. and W.). 

The compressed air, on being delivered from the L.P. cylinder, after 
having passed through a ribbed separator a, enters the receiver 6, where it 
remains for cooling before passing to the suction side of the H.P. stage. Any 
water or lubricating oil in suspension in the air is- arrested by the separator 

and collected at the bottom of the bottle-shaped 
receiver. During the running of the engine this 
receiver is blown down from time to tune * by 
means of the small valve e. The H.P. part of 
the piping connected to the cooler is coiled 
round the receiver, and the coil and its 'flanges 
are well tinned. 

An accurate calculation is not required to 
determine the volume and the surface of this 
cooler, and the same type is satisfactory for 
engines of considerably varying powers. As an 
example, an apparatus as shown in Fig. 319, in 
which the receiver has a volume of about 9,000 
CO. (0*3177 cubic foot), and the coil a developed 
length of about 2-5 metres (8 feet 2^ inches), 
with an external diameter of 30 mm. (If^ 
inches), may serve for engines of 50, 100, or 
even higher, B.H.P. 

The volume of the receiver can be graphically 

determined by its influence upon the H.P. and 

L.P. diagrams, as with compound steam engines. 

M Jr~^ Calculations of Ck)mpressors. — ^It is not pos- 

l X— J sible to determine by means of calculations 

^ -LJ-i- ■ \f alone the suitability of compressors to supply 

any given engine. 

The maximum output of the compressor 
should be sufficient for the injection of the fuel 
when the engine is working at full load, and for 
chargmg the startmg air bottles. 

The time necessary to fulfil the second opera- 

u tion is in no way fijced and is not of primary 

^^^ importance. The calculation of the weight of 

1 air which passes from the fuel injection valve in 

a given time of opening, besides being exceedingly 

Pig. 318.— Sulzer Air Com- difficult, is rendered vague by the uncertainty in 

pz«88or CkK>lmg Water evaluating the loss of pressure and the coefficients 

SyBtem. of efflux of the air through the various orifices of 

the pulverising apparatus. Only practical ex- 
perience can furnish the necessary information for determining compressor 
dimensions. 




* With large unite the separator has frequently a continuous automatio blow-down. 
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Since the types of compressors in use dilEer so little from one 
another (there are usually automatic valves, the smallest possible clearance 
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Fig. 319. — Air Compressor Interoooler (L. & W.). 

spaces, comparatively low piston speeds, and the same number of revolutions 
as the main engine), it would seem to be sufficient to take the ratio between 
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the volume of the L.P. cylinder of the compressor and that of the main 
engine cylinders supplied by the compressor. 

This ratio is not constant for all types of engines ; for instance, in two- 
cycle engines the compressor must have a cylinder volume about double 
that necessary for supplying a four-cycle engine of equal cylinder volume, 
because the injection of the fuel takes place once every revolution instead of 
once every two revolutions. High-speed engines have larger compressors 
than those running at a low number of revolutions per min., since the holes 
of the pulveriser are larger (to permit of the rapid passage of the fuel), the 
pressure used is almost always higher and the volumetric efficiency of the 
compressor is lower. The capacity of the compressor also varies by a certain 
percentage in large as compared with small engines. 

The L.P. cylinder volume of compressors for four-cycle engines varies 
generally, between 5 per cent, (for large) and 7 per cent, (for small units) of 
that of the main engine cylinders of engines running at a normal speed of 
revolution, and from 9 to 11 per cent, with high-speed engines.* 

With two-cycle slow-running engines of high power the L.P. cylinder 
volume of the compressor is about 10 per cent, that of the main engine 
cylinders, and 15 to 20 per cent, in the case of higher speed two-cycle engines. 
Once this ride is fixed, the volume of the L.P. cylinder can be obtained by 
fixing the piston speed between 50 and 1 metre (1-64 feet and 3*28 feet) 
per second for small compressors of engines of moderate speed, about 1-5 
metres (4*92 feet) per second for medium-sized compressors, and 2 to 2*50 
metres (6*55 to 8*2 feet) per second for the largest units. With high-speed 
engines the piston speed varies between 2-50 and 4 metres (8*2 and 13*12 feet) 
per second, according to the number of revolutions and the power. 

The final pressure is reached in two or three successive compressions. 

The multiplication of the stages of compression improves the volumetric 
efficiency of the compressor and diminishes the amount of work absorbed, 
besides allowing of better cooling of the air. The increase in the number 
of cylinders has its effect upon the price, so that small compressors have 
two stages, and the larger units three or even four stages with two-cycle 
engines in which the scavenging pump may serve for the fifst compression 
stage. 

The minimum amount of work to compress a given weight to a given 
pressure is obtained when the compression is isothermal, and for that reason 
it is desirable to cool the cylinders by water circulation as efficiently as 
possible, in order to take from the cylinder walls the maximum possible 
quantity of heat. Even with water circulation, the cooling is not sufficient 
to reduce the mean index of the compression curve below 1-1, and the value 
usually met with in practice is between 1-5 and 1-3. 

Having drawn the diagram of a single-cylinder compressor equivalent 
to the one it is desired to construct, the total area is divided into two or three 
parts, according as the compressor is of two or three stages. 

Calculations are useful to assign values to the pressures of the various 
intermediate receivers. By deriving the expression for the work absorbed 



• With the very smallest engines running at the highest revolution these figures may 
n be exceeded ; for example, 14-5 per cent, with 5 B.H.P. 600 revolutions pe^ 
minute engines made by R. Diesel & Co., Munich. 
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with regaid to the pressure of the receiver ff^ the condition of minimum 
work is given by 

where pi is the maximum pressure to be reached. 

When compression takes place in three stages, if p^ is the final pressure 
of the L.P. cylinder, that of the LP. cylinder p2 becomes — 

Ps = ^» and Pj = (^i)^ 

Eocample. — ^To calculate the dimensions of a two-stage compressor for 
an engine of 60 to 70 B.H.P., at 220 revolutions per minute, with two cylinders 
of 270 mm. diameter, and a stroke of 410 mm. The delivery pressure of the 
compressor is to be 64 atmospheres. 

The cylinder volume of the engine is 

2 X 23-47 = 46-94 litres. 

Allowing 6 per cent, of the main cylinder volume for that of the compressor 
L.P. cylinder, then — 

The L.P. cylinder volume = 2-82 litrfes. 

If the piston speed is 1 metre per second, the stroke of the pistons in 
tandem will be — 

1,000x30 

^ = 2"20~~ = ^^ '^' 

With compressors of this type the clearance volume of both the stages 
can be arranged to be a little less than 2 per cent, of the cylinder volume, 
so that the total volume of the L.P. cylinder is about — 

2,a20 + 50 = 2,870 c.c. approx. 

At the end of the suction stroke this volume is full of air at a pressure 
of from 0-95 to 0-98 atmosphere. For simplification, the pressure may be 
assumed as that of the atmosphere, and the temperature of the air 15° C. 

Having fixed the final pressure. of the first stage of compression as \/64 = 8 
atmospheres, the volume occupied by this air can be found. 
Given that the index of the compression curve is 1-2, then — 

1 X 2,870^* = 8 X Vg^ ^ 

Vj»«= i X 14,000 = 1,750 
and ^2 = 530 c.c. ^ 

This would be the volume to be assigned to the H.P. cylinder were it 
not for the existence of the clearance volume and the cooling of the air in 
the receiver. 

Owing to the L.P. clearance volume, all of the air compressed in this 
stage does not pass through the L.P. delivery valve, and only 

530 — 50 = 480 c.c. 
IB delivered. 
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In addition, the cooling of the air in the receiver reduces the volume 
to be assigned to the H.P. cylinder to an extent which it is necessary to 
calculate. 

273 + h ^ (V%\^^ 
273 + <« \vJ ' 



and since 

then 
and 



m = 1-2 and «o = 15** C, 

0'2 

273 + «2 _ /?^i^ _ Q0 107 - 1.4.Q 
^288" "Vl/ " " ' 

273 + <2 = 410° or t^ = 137° C. 
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Fig. 320.— Diagram illustrating Calculation of Sizes of Ck)mpreB8or Cylinders. 

ft 

Supposing that the temperature of delivery of the air from the receiver 
is 30° C, then the volume of air v'j becomes — 

v\ 273 + 30 303 ^rk 

480 = 273^n37 =410 = ^^ "•'• ^^P^^^' 

This is the volume of air which should be drawn into the H.P. cylinder, 
but does not represent the H.P. cylinder volume, since the clearance space 
in this cylinder causes part of the piston stroke to be ineffective. 

A certain quantity of air at 64 atmospheres pressure remains in the clear- 
ance volume at the finish of the inward stroke, and does not permit the suction 
of the next stroke to commence until the piston has moved outwards a 
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sufficient distance to allow the pressure in the H.P. cylinder to drop to a 
little less than 8 atmospheres. 

Suction only commences after the piston has traversed a distance 

and since the clearance volume m is about 0-02 and the stroke 135 mm., 

0-02 X 13-5 (64-8) , ^ ^ 

s = Q— ^ = about 2 cm. 

o 

The useful stroke is reduced in this way to 

S - 5 = 135 - 20 = 115 mm. 

To take into account the sm^ll drop of pressure below the 8 atmospheres 
necessary to give the air the required velocity through the valve, a useful 
stroke of 110 mm. may be taken, and the area of the H.P. piston will be 

Yp = 32 sq. cm. approx., 

and the diameter d = about 65 mm. 

The diameter D of the L.P. cylinder is obtained from 

C.C. 2,820 =^S(D2-(i*), 

c.c. 2,820 = J 13-5 (D« - 6-5«) ; 

therefore, D^ = 271-7 and D = 16-5 cm. 

Recapitulating, 

Cylinder diameter L.P. = 165 mm. 

,, ,, H.P. = 65 mm. 

Stroke = 135 mm. 

The valves are calculated for a given lift — ^always kept small — ^and for 
a given velocity of air. For a known drop of pressure the spring can be 
calculated for a desired air velocity. 

For the example already taken, the valve would have the following 
dimensions : — 

L.P. cylinder suction diameter, 42 to 48 mm. 

„ delivery „ 34 to 40 mm. 

H.P. cylinder suction „ 20 to 26 mm. 

„ delivery „ 15 to 21 mm. 

The following examples are those of compressors of well-known designs* : — 

(1) Four-cycle engine of 5 B.H.P., n = 600, D = 116, S = 150. R. 
Diesel & Co., Munich. Compressor L.P. dia. = 70, H.P. dia. = 24 and S = 
60. 



* In the ezamplee given n = revs, per min., S = piston stroke. All dimensions are 
in millimetres. 
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(2) Four-cycle engine of 18 B.H.P., n = 260, D = 215, S = 340. M.A.N. 
Augsburg. Compressor L.P. dia. = 110, H.P. dia. = 30 and S = 100. 

(3) Four-cycle engine of 25 B.H.P., n = 220, D = 250, S = 400. Langen 
A Wolf, Milan. Compressor L.P. dia. = 120, H.P. dia. = 34, S = 106. 

(4) Four-cycle engine of 50 B.H.P., n = 190, D = 340, S = 510. Sulzer, 
Winterthur. Compressor L.P. dia. = 140, H.P. dia. = 40, S = 180. 

(5) Four-cycle engine of 300 B.H.P., in three cyJinders, n = 175, D = 
440, S = 640. Langen & WolfE, Milan. Two compressors, L.P. dia. = 220, 
H.P. dia. = 65 and S = 270. 

(6) Two-cycle four-cylinder marine engine 100 B.H.P., n = 350, D = 
180, S = 300. M.A.N. Niirnberg. One compressor L.P. dia. = 190, H.P. 
dia. = 60, S = 110. 

(7) Two-cycle marine eight-cylinder engine of 850 B.H.P., n =± 450, 
D = 300, S = 340. M.A.N. Niirnberg. One compressor L.P. dia. = 350, 
H.P. dia. = 110, S = 260, or for the same engine two compressors, L.P. 
dia. = 260, H,P. dia. = 85 and S = 260. 

(8) Two-cycle marine four-cylinder engine of 800 B.H.P., n = 160, D = 
470, S = 680. Sulzer, Winterthur. One compressor L.P. dia. = 420, L.P. 
stroke = 600, LP. dia. = 260, H.P. dia. = 100, and LP. and H.P. stroke = 
400. 

(9) Two-cycle marine four-cylinder engine of 800 B.H.P., n = 100, D = 
460, S = 820. Carels Freres, Ghent. One compressor (Reavell) L.P. dia. = 
381 (2 L.P. cylinders), LP. dia. = 241, H.P. dia. = 126-6, with a conamon 
stroke of 203. * 

Compressed Air Reservoirs. — The reservoirs are of steel, generally of a 
length of from 4 to 7 diameters to avoid excessive thickness and the conse- 
quent great weight. They are generally tested to about 80 atmospheres 
{1,137 lbs. per square inch), but can withstand very much higher pressures. 

Fig. 321 shows diagrammatical ly in plan the arrangement of valves and 
piping which connect the three bottles together for land plants, and in Figs. 
322 and 323 are seen the general arrangement of the group. The bottle I 
serves for fuel injection air, and II and III are those for starting air. Con- 
nected to I are the pipe which leads to the fuel injection valves, the com- 
pressor delivery pipe, and a third pipe leading to the branch piece of the 
starting air bottles. On these the valves a and aj (see Fig. 322) are fitted 
for supplying the starting air valves on the engines. 

Supposing all the operations preparatory to starting the engines have 
been carried out, and that it is desired to start up, the valve h of the bottle I 
is opened after the pressure gauge has been put in communication with the 
bottle by means of the valve c. This gauge should show a pressure of about 
50 atmospheres (710 lbs. per square inch).* If it is desired to start the engine 
from bottle III, for example, it is sufficient to open the valve a^ and the 
engine starts on compressed air."}" After several revolutions, when the engine 



* When the motor starts, the compressor commences to work, and the valve b should 
always be open, otherwise the pressure might rise rapidly to a very high limit in the 
copper pipes between the compressor and the reservoir. No great reliance can be placed 
on the safety valves, as these are frequently rather crude and none too well designed. 

t If it is desired to start with bottle III, the pressure in it should be about 35 to 
40 atmospheres (500 to 570 lbs. x)er square inch), and should be verified by putting the 
gauge 2 in communication with the bottle by opening the valve /. 
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has picked up on fuel, the valve a^ is closed, and only the valves h and c 
are left open. Before putting the load on the engine, the pressure in the 
bottle I should be raised to that suitable for the power desired, afterwards 
the valve / should be first opened and then the valve d gradually opened to 
recharge the bottle III to the pressure which it had prior to starting. 

If the bottle II is the reserve bottle, it should be kept at a pressure of 
about 70 atmospheres (1,000 lbs. per square inch),* as may be verified on 
the gauge 2, by shutting/ and d and opening e. 

If the pressure has fallen, it is necessary, in order to bring it up to the 
original value, first to raise the pressure in I to about 70 atmospheres (1,000 lbs. 
per square inch), then having shut/, to open d and e. During this operation 
the pressure in the bottle I might be considerably higher than that suitable 
for the actual load at which the engine is running. The air at the fuel in- 
jection valve is then maintained at the desired pressure by throttling the 




From Compre99 



To fve I Injection Vefvos 



Fig. ^21. — Plan Diagram of Valves and Connections for Compressed 

Air Reservoirs (Land Installation). 

opening of, the valve c. From Fig. 321 it will be seen that the points 
at which the gauges are connected are so arranged that during this operation 
the effective pressure of the fuel injection air can always be seen on the gauge 1, 
whilst the pressure in the reservoir I may be read from the gauge 2 if the 
valve d is open. When the charging of all the bottles has been completed 
by working the compressor at its full output, all the valves are closed except 



* It is not prudent to increase this pressure, as with variations of the room temperature, 
especially in summer, the pressure in the closed bottle might reach a dangerous limit 
without being observed. 



I 
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h and c, and the suction of the compressor is throttled until the output is 
exactly that required for the injection of the fuel at the required pressure. 

The group of valves on the bottles do not constitute a "very simple arrange- 
ment, but, in view of the number of manoeuvres which can be carried out, 
they represent an ingenious solution of a rather difficult problem. 

In addition to the gauges 1 and 2, there is generally a third in communica- 
tion with the compressor receiver (B.P. in Fig. 322), which shows the pressure 
in the L.P. cylinder of the compressor. In Fig. 323 the small valves p p per- 




Fig. 322. — Front View of Starting and Fuel Injection Air Reservoira and 

Connections (Land Installation). 



mit of communication with the atmosphere by means of a drain pipe leading 
to the bottoms of the bottles. This serves from time to time for draining 
off any oil or water which may be carried in by the air. The same valves 
serve to discharge the reservoirs when it is necessary to grind in the valves 
or renew joints. The other small needle valves qq (Fig. 322) serve to 



[Tojace p. $¥>. 
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discharge the air from the gauge pipes, in order to bring the gauge pointer 
back to zero when the engine is not working. 

The capacity of the reservoirs is not determined by any precise rule. 
Those for fuel injection should constitute the reserve for the compressor, 
and should have such dimensions as to make them act with reference to its 
delivery as does a fl)rwheel to an engine. Those for starting should be of 




Fig. 323. — Side View of Starting and Fuel Injection Air Reservoirs and 

Connections (Land Installation). 



sufficient capacity for five or six starts with land engines, and for a larger 
number in the case of marine plants. 

It is understood that this indication is very vague, because starting may 
absorb different quantities of air according to the period of running on 
starting air. 

It serves no useful purpose to run land engines on starting air for any 
appreciable time, for if the motor does not pick up immediately on fuel, 

16 
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it were better to stop and to examine the more important parts for defects 
than uselessly to consume the air, which is always costly. 

With marine engines this is not possible, since for the safety of the ship 
the engine must carry out immediately the orders given from the bridge. 
The order given on the engine-room telegraph must be absolutely obeyed, 
though it may necessitate running on compressed air at the cost of com- 
pletely emptying the reservoirs. For this reason, the main compressor is 
always supplemented by an auxiliary of a capacity at least half and almost 
always about two-thirds that of the main compressor. This auxiliary com- 
pressor is always rim during the periods when the main engine is manoeuvring. 

For land engines the capacity of the fuel injection air reservoirs varies 
from 04 to 0-6 litre (001412 to 002118 cub. ft.) per B.H.P., and those for 
starting air between 8 litres (0-282 cub. ft.) per B.H.P. for the smallest, to 
3 litres (0106 cub. ft.) per. B.H.P. for medium-powered engines; for large 
engines the storage capacity is still lower. 

With marine engines there are always more than two starting air bottles, 
forming a working as well as a reserve group, and sometimes with a third 
group forming an extra reserve. The connections and the valves between 
the various groups, bottles, and compressors, are naturally a little more 
complicated, but in principle are similar to those described for land plants. 

The capacity of the starting air reservoirs varies with the type of 
work for which the boat is built, and with the personal ideas of the designer 
of the machinery. As an example, tugs which are required to be constantly 
manoeuvring should have a relatively greater installation for producing and 
storing compressed air than large ships which are in the hands of tugs when 
manoeuvring in and out of port.* Submarines and submersibles, in which 
propulsion under water is obtained with electric motors supplied from accumu- 
lators, and driving the main line of shafting, only require a small storage 
of starting air, since if the necessity should arise, the ship may be manoeuvred 
on the surface by means of the electric motors. In fact, it is believed that 
in some Korting engines for Grerman submersibles no provision of com- 
pressed air is made for starting the engines, reliance being placed entirely 
upon the electric motors for this duty. 

The following are some examples of the capacity of air storage for marine 
installations : — 

(1) Tug No. 21 of the Royal Italian Navy. . Sulzer engine of 100 B.H.P., 
nif = 380* Four starting air bottles with a total capacity of 600 litres (21*18 
cubic feet) — i.e., 6 litres (0-2118 cubic foot) per B.H.P. Fuel injection bottle 
of 52 litres (1-835 cubic feet) or 0-52 litre (0-01835 cubic foot) per B.H.P. 

(2) " Wotan '* — ^herring fishing boat with Frerichs engines of 90 B.H.P., 
n = 300. Two starting air bottles with a total capacity of 520 litres (18-35 
cubic feet) or 5-8 litres (0-205 cubic foot) per B.H.P. Fuel injection air bottle 
of 50 litres (1-765 cubic feet) — i.e., about 0-56 litre (0-0198 cubic foot) per 
B.H.P. 



* The tug, " Frerichs," is provided with engines of 200 B.H.P., which can reverse 
60 times in succession by means of its compressed air storage, and its compressors are 
of such a capacity that thirty manoeuvres may be carried out per hour without any 
diminution in pressure of the starting air. 

t n = number of revs, per min. 



y 
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(3) " Vulcanus " — a tank ship with a Werkspoor engine of 500 B.H.P., 
n = 180. Fovir starting air bottles of l-S cubic metres (63-5 cubic feet), 
equal to 3-6 litres (0-1270 cubic foot) per B.H.P. Auxiliary compreesor of 
40 to 50 B.H.P. 

(4) " Fordonian " — freight ship for the Canadian Lakes, with a Carels 
engine of 800 B.H.P,, n = 100. Four starting air bottles with ft total capacity 



• litres {0118 cubic foot) per B.H.P. 



of 2,680 litres (91-1 cubic feet), or 3-; 
One fuel injection bottle of 66 litres 
(2'33 cubic feet), about 0-08 litre 
<0-0028 cubic foot) per B.H.P. An 
auxiliary compressor with a capacity 
of 3,200 litres (113 cubic feet) of 
free air per minute. 

(5) " Bolandseck " — cargo boat 
with Carels -Tecklenb org engine of 
1,500 B.H.P. at 120 revolutions per 
minute. Five starting air bottles 
with a total capacity of 4,000 litres 
{141*2 cubic feet) or about 2-7 litres 
{0-0954 cubic foot) per B.H.P., 
and an auxiliary compressor of 
100 B.H.P. 

(6) A 300 B.H.P. Sulzer sub- 
marine engine, running at 500 
revolutions per minute, with start- 
ing air bottles of 200 litres (7-06 
cubic feet) or 0-67 litre (0-02365 
cubic foot) per B.H.P., and a fuel 
injection air bottle of 40 litres 
(1-412 cubic feet) or about 0-13 
litre {000459 cubic foot) per B.H.P. 

Seavengiiig Pumps.— The func- 
tion of the scavengmg pump, as 
already pointed out, is to compress 
air to a low pressure to free the 
working cylinders of two-cycle 
engines of the exhaust gas, and to 
charge them afresh with pure air 
for the next combustion stroke. 

When the overall space is re- 
stricted, especially in the case of 
the lightest marine engines, each 
working cylinder has a stepped 
piston — i.e., one having two 
diameters, of which the greater 
serves as the scavenging pump {Figs. 324,^325, Mat, 326 and 327, Kind). 

In this case there are as many scavenging pumps as working cylinders, 
and the pumps have the same stroke and piston speed as the working pistons. 
The valves for such pumps may be automatic (Fig. 327, Kind), or may be 
of the piston type {Fiat, Fig. 325, Korting, Fig. 255, p. 177). 
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It U often preferable to provide one or two double-acting scavenging 
pumps for the whole engine to make this part of the engine more complete; 
to obtain Bcavenging with colder and consequently denser air ; to minimise 



Fig. 326. Fig. 327. 

Figs. 326 and 327.— Stepped Piston ScBveogiiig Punipa (Kind Type). 



S38. — Junkers Submarine Engine nJlh Scavenging I'limpa having Piston Valve 
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any increase of the reciprocating weights ; and to keep the pumps away from 
the ill effects of the burnt lubricating oil, which falls from the pistons on to 
the scavenging pump plimgers in the case of stepped-piston engines. 

As a general rule small pumps have automatic valves, whilst those of 
large size are provided with piston valves (Plate VII., facing p. 112, and 
Pig. 328). 

Automatic valves should always be as light as possible, and are some- 
times of the Gutermuth type. These have the advantage that the clearance 
volumes are reduced to a minimum, and so the volumetric efficiency is thus 
augmented. This type does not give the same certainty and safety of 
action as do piston valves. 

The cylinders of these pumps are of cast iron, and are not water-cooled ; 
the pistons are of cast iron or cast steel made of as light section as possible ; 
the valves also are generally of cast iron. 

The general construction of this important part of the main engine is 
seen in the figures already cited, and m Fig. 328, representing a Junkers 
submarine engine. In this case there are two scavenging pumps placed in 
tandem with pistons of different diameters for reasons of accessibility in 
dismantling, and not, as might be thought, for two-stage compression. 

Besides the method of driving these pumps by means of a separate crank 
shaft, the system of balance-levers, as shown in Plate XVII. (facing p. 272), 
is frequently adopted. 

With reversible engines, the valves of the scavenging pump, if positively 
operated, are set for the new direction of rotation, as explained in Part II., 
Chi^ter XL 

The pressure of air in practice is generally between 0*15 and 0*25 kg. per 
sq. cm. (2- 13 and 3*55 lbs. per square inch), and the maximum varies from 
0«4 to 0*5 kg. per sq. cm. (5*7 to 7-1 lbs. per square inch). 

The mean piston speed with stepped piston engines is, as already stated,, 
the same as that of the main engine piston and with independent pumps 
usually varies from 2 to 3 metres (6*50 to 9-84 feet) per second. 

The cylinder volume of the pump may be taken as from 1*6 to 1*8 times 
that of the cylinder served by the pump, if the latter has piston valves, 
and, therefore, has a relatively large clearance volume (0*12 to 0*18). The 
ratio may be reduced to 1*4 or 1*6 if the pump has automatic valves. 

In the table on p. 246 some examples' of the dimensions of scavenging 
pumps of modern engines are given. 
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CHAPTER XIV. 

ENGINE-ROOM, FOUNDATIONS, ACCESSORIES, PIPING OF 

LAND ENGINES. 

En^e-Room. — ^A heavy oil engine may be installed in any engine-room, 
provided this be sufficiently well lighted and of a height to permit of piston 
withdrawal in the case of vertical engines. The atmosphere should be clean 
and free from dust. 

For normal-speed vertical Diesel engines, the minimum height of' the 
engine room necessary for withdrawing the piston (inclusive of the tackle, 
and the traveller on which this runs) is ten or eleven times the piston stroke. 
To assist ihe builder in drawing out his preliminary plans a formula has 
been deduct from data obtained from a large number of engines of difEerent 
makes (Tosi, Sulzer, L.W., M.A.N., and G. F. Deutz), which, with close 
approximation, gives this minimum height in metres — 

H = 3-20 + 0-04 N, 

in which N is the normal B.H.P. of the engine, or of one cylinder with multi- 
cylinder engines. 

It is difficult to give any reliable rules for the groimd plans of the engine- 
room, although generally it may be more or less roomy on a basis of the 
overall dimensions of the engine according to the available space. Formulsd 
for this have also been elaborated as obtained from the same engines, and 
are sufficiently approximate for average four-cycle engines. 

The breadth in metres between the foot of the ladder leading to the 
starting platform and the flange on the opposite side of the bed plate is — 

C = 1-3 + 002 N, 

in which N has the same signification as in the preceding formula.* 
The maximum length of the engine is — 

L = 20 + 0-025 N + (n - 1) S, 

in which N is again the B.H.P. per imit, n is the number of cylinders in the 
engine, and S is the distance between the centres of the cylinders. As foimd 
when dealing with crank shafts, S is equal to about 2'5 times the cylinder 

* It is to be noted, however, that the diameter of the flywheel is usually greater 
than the dimension obtained from the formula, so that this must also be taken into 
accouut. In speoificatioDs, if the diaYneter of the flywheel is not given, the revolutions 
are given, facilitating thus the calculation of the diameter of the flywheel, it being 
known that the peripheral speeds generally in use are between 25 and 30 metres 
per second (80 to 100 ft. per sec. ). 
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diameter, e>o that with close approzimatioii the following values in metrea 
may be given for S : — 

0-60 to 0-70 for cylindere of 30 to 36 B.H.P. 
About 0-80 „ 40 B.H.P. 

„ 0-90 „ 50 „ 



1-0 
MO 



100 




This formula is only of nae when the shaft carriea the naual design ot 
flywheel or pulley ; for special shafts without pulleys or with several pidle^ 
or with direct-coupled dynamos, the necessary deductions or additions must 
be'made. 
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For special types of heavy oil engines it is impossible to give useful indi- 
catJODB for determining the space occupied, on account of the large variety 
of deeiguB on the market. ConatructorB, however, will always readily furnish 
outline drawings giving overall dimenaions. 




RgB. 331 and 332. — SiDgte-cylinder Diesel Engine Plant driTJog a Dynt 



FoondatioiiS. — ^The plan of the foundation follows roughly the outline 
of the engine bed plate, being larger by some inches and extending to all 
the parte belonging to the engine, even when separate from the bed plate 
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(e.</., the outer flywheel bearing). The depth variea in different casea occOidins 
to the nature of the soil, and where possible^ is canied down to solia 
ground. 



Only with the smallest engines having:; no outei flywheel bearing is 
it sufiioient to have a monolithic block of stone or concrete ; usually th« 
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foimdation is of Btiong bricks and cement or mortar. The latter is the most 
suitable for damp ground, but usually a mixture of two or three parts of 
well-cleaned sand witJi one of Portland cement is adopted. For all UioM 
parts of the foundation above ground, and throughout if the foundation 



be very heavily loaded, the mixture should be richer — i.e., equal parte of 
sand and cement. Stone is rarely substituted for bricks. 

A cubic metre (3& cub. ft.) of foundation usually requires 400 bricks and 
from 260 to 300 litres (9 to 10 5 cub, ft.) of sand and cement. 
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In firm ground the foundation may be rectangular in form, but when 
the ground is yielding it is preferably formed with steps supported by a good 
layer of rubble from -40 to 1-0 metre (13 to 3'3 ft.) deep, reinforced in 
particularly difficult places by good piling. 

For four-cycle vertical Diesel engines in good ground the volume of the 
foundation reaches about 0-6 to 0-7 cubic metre (21 to 24-6 cub. ft.) per 
B.H.P,, for single-cylinder engines,- 0-45 to 0-50 cubic metre (158 to 175 
cub. ft.) if the engine has two cylinders, 0-40 to 0*46 cubic metre (14 to 



H 

I 



15-8 cub. ft.) with three cylinders, and with four cylinders a little less 
than 0-4 cubic metre (14 cub. ft), in each case per B.H.P. Horizontal 
engines have shallower foundations, but are la^er in plan due to the 
larger engine bed plate; they are similar in every way to those for gas 



Usually the foundations are tunnelled to give access for tightening up 
the holding-down bolts, which, with Diesel engines, generally number 
2(k + 1), where n is the number of cylinders, with 2 or 4 more to secure 
the outer flywheel bearing. 
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Fig. 339. — Central Electric Power Station, Rome. View showing Two-cycle Diesel 
Engine of 1,000 B.H.P. for driving Alternator, and Four-cycle Diesel Engines 
for driving Exeiting Dynamos (Tosi). 



.7 • > 




Fig. 340. — Central Electric Power Station, Rome. View showing Two-cycle 
Diesel Engine of 2,000 B.H.P. for driving Altem'^tor (Tosi). 
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The bolte are generally secured at the bottom thiougb a metal plate by 
means of a key or preferably a nut (Fig. 341) ; theii length under the floor 
level is live or six times the cylinder diameter for vertical engines, and three 
to four times for horizontal engines. 

For erecting and fixing the engine on its foundation the usual procedure 
is adopted ; the bed-plat« is placed on the foimdation aft«r the holding- 
down bolte have been put in position, the bed-plate and the outer flywheel 
bearing are carefully levelled up and thin chocks are fitted beneath them, 
after which liquid cement ia run round the bed-plate flange and into the 
holding-down bolt holes,. which are previously packed with broken bricks; 
finally the bolts are uniformly tightened up to 
prevent uneven and deforming stresses. 

To make sure that this condition is satisfied, 
the crank is turned to near the top dead centre 
before the flywheel and piston are in place, and 
ia allowed to fall. It should do so easily by 
itself and swing some distance past the bottom 
dead centre. In any case, after the bolte have 
been tightened up, it is well to bed the crank 
shaft again and scrape up the bearings. 

Accessories. — Mention has already been made 
in the preceding chapters of many of the acces- 
sories, and - important amongst those so far 
omitted for vertical engines is the starting plat- 
form. Since almost all the manoeuvring levers 
are placed at the top of the engine close to the 
cylinder heads, an upper platform with a ladder 
is necessary, if the engine is over a certain 
height, in order to provide easy access to the 
fuel injection pumps and the starting levers. 

There is nothing special about the conatruc- 
of the platform ; it may be made of angle 
and floor plates or of a thin plate of cost 
n one or more pieces. Sometimes the plat- 
extends along the front of the engine only ; 
s sufiicient for the operations of starting, 
e(«. : for removing the cylinder heads, the valves, 

and for taking indicator diagrams it is better F.g. :{4i. -Method of Becuring 
that it should be extended completely around FouD<laiiDn Bolts. 

the engine, as ia the practice of some constructors. 

The width varies generally between 0'6 and 1-0 metre {2 to 3-3 feet), 
and its form is clearly seen in Plates IX. and XI., facing pp. 192 and 
224; it is bolted on to the engine frames (rf, Fig. 85, p. 81), and if it is 
not too large, projecte with no other support than that of the ladder. 

In very large pi ante consisting of several enginea communicating bridges 
are sometimes provided, making it possible to pass from the platform of one 
engine to that of another. 

Another accessory which is always necessary in vertical engines is the 
lifting gear for removing the piston. This consists of a set of chain blocks 
attach^ to a traveller plumbing the centre of the cylinder or cylinders 



266 LAND AND MABINE DIESEL BNQDTES. 

(Figs. 329 and 333, pp. 248 and 250). This apparatus is iodispenaable toi the 
lemoval and replacement of cylinder heads and pistons, and its safe load 
should be high, in view of the weight of these parts. With very large plants 
a travelling crane is desirable (Figs. 335 and 340, pp. 251 and 254). 

Pigs. 342 and 343 show one of the commonest forms of hand-turning 
gear, which serves to turn the engine to the starting positjoa when the 
strength of a man is not sufficient to move the flywheel direct. It engages 
with t«eth formed on the inner circumferanco of the flywheel. When the 




<i^' 



Figs. 342 and 343.— Typical Form of Hnnd -turning (iear. 

flywheel does not serve as a belt' pulley, these teeth may be formed on the 
outer periphery, in which case a lever may be used instead of the turning gear. 

An essentia! requirement of the turning gear is that the pawls must be 
prevented from engaging when the engine is running. 

nping. — For a Diesel engine plant the piping may be classified as that 
for fuel, compressed air, cooling water, exhaust, and air suction. 

The air for combustion may be drawn from the engine-room or from 
outside. The first method is by far the most widely adopted, and in addition 
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to the advantage of greater simplicity, it contributes efficiently to the ventila- 
tion of the engine-room ; the second obviates the noise of the suction, which 
can never be entirely eliminated, although efEorts are always made to reduce 
it to a minimum. 

The general form of suction pipe drawing air from the engine-room is 
shown in Fig. 344. A vertical steel tube, closed at the bottom and of a length 
equal to five or six times its diameter, is attached to the under side of a cast- 
iron bend bolted to the cylinder head. This tube is perforated by a large 
number of narrow slots, through which the air is drawn, and practice has 
shown that this form of orifice is efficient in reducing noise.* 

Instead of these tubes, some constructors substitute pipes without slots. 





Fig. 344.— Suction 
Silencer. 



Fig. 345. — Arrangement of Suction from 
Crank Case. 



but open at the end and drawing the air from the crank case (Fig. 345). By 
this means the advantage is obtained of drawing away, together with the 
suction air, the unpleasant smelling lubricating oil vapour, which, especially 
in the event of excessive lubrication, is given off by the pistons. When the 
crank case is of the form shown in Fig. 345, the sheet-steel casings are 

* A current of air traversing narrow cuts makes much less noise than it would make 
in passing with the same velocity through round holes ; when round holes are adopted 
it is difficult to avoid an unpleasant whistling sound. 

17 
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perforated with a number of holes of sufficient diameter to permit the free 
entry of the air. 

It is necessary to insure that the velocity of the suction air shall not be 
excessive, otherwise it will carry away a large quantity of the oil which 
escapes from the bearings under forced lubrication. With an engine on which 
the author carried out experiments, this phenomenon was so marked that, 
if the fuel pump were shut oft after the engine had been running under load 
for a period (the cylinders consequently being hot), it continued to run light, 
burning only the lubricating oil drawn in with the air on the suction stroke. 

The exhaust pipe for small engines is made of gas piping, and of ordinary 
cast-iron pipes for other engines. The piece next to the engine is always 
of cast iron, the better to withstand the high temperature of the exhaust 
gases. In engines of any considerable power water- jacketing is preferable. 

The exhaust pipe may have the appearance shown in Fig. 345, with the 
first part vertical and leading into a horizontal pipe traversing the engine-room 
above the engine ; or it may lead downward at the back of the frames to 
a little below the floor level and pass out of the engine-room through a tunnel 
(Plate IX., facing p. 192). When this second arrangement is adopted, the 
part above ground should be insulated or water-cooled, since without these 
precautions the hot pipes radiate an uncomfortable amoimt of heat. 

With multi-cylinder engines, a collector pipe of diameter equal to, or 
rather larger than, the exhaust pipe of a single-cylinder engine of the same 
total power connects up the various exhaust branches. 

It is good practice to fit drain cocks or small doors on the exhaust pipes 
close to each cylinder head, by means of which it is possible to know exactly 
in which of the cylinders, if in any, the combustion is defective. 

The exhaust pipe discharges into one or more silencers, generally of 
cast iron, similar in every way to those for gas engines ; the volume should 
be 10 or 20 times that of the sum of the cylinder volumes of the engine, 
with the inlet and discharge flanges at right angles to one another. A vertical 
pipe, which serves as a chinmey, leads from the silencer and carries the 
e:diaust gases somewhat higher than the roof of the factory. With large 
plants, chimneys of brick are sometimes adopted. 

The open end of the exhaust discharge is designed so that the speed of 
the gases on escaping should be 20 to 25 metres (65 to 82 feet) per second ; 
the suction pipes should have practically the same dimensions. 

The fuel piping is frequently made of copper, where it is close to the 
engine, and where bends are frequent and a certain neatness is desirable ; 
for the remainder gas piping is used. 

During cold weather the fuel oil may become dense when its resistance 
to passage in the piping is very much increased. For this reason it is desir- 
able to provide fuel suction pipes of large diameter, so that sufficient oil may 
reach the pump when the engine is being started. When the engine is warm 
its radiation renders the fuel sufficiently fluid, especially if the precaution be 
adopted of leading the fuel suction pipe along and close to the exhaust pipe 
(Tosi), or if a length of it is wrapped round the exhaust pipe (Langen & Woli). 

Constructors adopting closed fuel injection pumps (Figs. 281 and 286, pp. 
202 and 205), into which it is not possible to introduce paraffin on starting 
the engine, as can be done with pumps of the type shown in Fig. 274 (p. 
197), fit a three-way cock on the pump, as described on p. 208, by means of 
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wUch it is possible at will to put the pump in conununication witli either 
the heavy oil leservoii oi with a smaller one containing oil of lower density. 

Th£ heavy oil Teservoir is usually built oi sheet steel, and has a capacity 
of about 10 litres (2-2 gallons) per B.H.P. of the engine. It is placed in a 
corner of the engine-room at a height of about 6 feet above the fuel injection 
pump of the engine, and is fitted with an arrangement to indicate clearly 
the fuel level therein. 







Fig. 346. — Arraagement ol Fuel Supply to BugiiM. 

With large installations an additional reservoir of sufGcient dimensions 
for several months' supply of fuel ia provided on the level of the floor or 
below the ground. This second reservoir is constructed of brick work or 
cement, lined with zinc or glass plates, in order to preserve the cement from 
the action of the oil. A hand pump delivers the fuel into the smaller 
reoervoir from this main atorage, or from the barrels in which it is received 
(Kg. 346). 
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On the pipe leading from the reservoir to the fuel injection pump on the 
engine are fitted two metallic gauze filters, each of which is sufficient to 
pass all the oil required for full load, so that one may be used when the 
other is being cleaned. 

The cooUng loater of the engine should be clean, to prevent deposits in 
the spaces through which it circulates. It is desirable, if possible, not to 
use excessivelv hard water or sea water, which might form incrustations. 
If unavoidable, sea water may be used provided a sufficient quantity is 
circulated to ensure that the discharge temperature will not exceed some 
40° C. (104° F.). 

Incrustation hinders heat flow through the walls, and unless the engine 
be provided with special arrangements, its removal is difficult, and it is 
generally easier to dissolve it. In the case of calcareous deposits, a dilute 
acid solution is used (1 part of hydrochloric acid to 3 parts of water) ; this 
is allowed to act for 24 hours, after which it is necessary to pass a large 
quantity of pure water through the water-circulating spaces, to wash out 
the acid and to prevent corrosion. 

The engine cooling water does not undergo any change in passing through 
the jackets, and may, therefore, be cooled and used again, with the addition 
thereto of some 10 per cent, per hour, to make up for evaporation and leaks. 

Any of the well-known systems of steam engine condensers may be 
used to cool the circulating water ; generally, cooling towers having steps, 
or similar apparatus (down which the water flows), or sprinklers, or simply 
shallow tanks of large area are adopted. There should always be a reserve 
of water sufficient for about an hour's running at full load. 

Fig. 347 shows the general arrangement of the cooling water system 
of a Diesel engine plant. The pump a draws from the well or from the cooling 
tanks and delivers the water into the reservoir &, which should be of 
sufficient capacity to supply the engine for about half an hour's running, 
so that, whether the pump be driven directly or indirectly from the engine, 
water may be circulated and the jackets filled before starting, if, for pur- 
poses of examination or to prevent freezing, they have been emptied ; thus 
examination of the pump and small repairs to it may also be made whilst 
the engine is running. 

The reservoir h should be placed as 'high as possible,* and if its base is 
not at least 6 to 10 feet above the highest point of the engine water jackets 
the discharge should be arranged to have a low temperature, or steam may 
form and, owing to the insufficient head, may collect and stop circulation. 

Two pipes lead from the reservoir, c from the bottom to the engine, and 
dy from the top serving as an overflow. The pipe c may branch into others 
of smaller diameter leading to the various jackets, giving thus a system of 
circulation in parallel. 

More frequently, however, a system in series is adopted, in which all the 
water passes successively through the various cooling jackets. With multi- 
cylinder engines, of course, each cylinder has its independent circuit. 

For series cooling, the general rule of leading the water inlet (i.e., the 
coldest water) to the least heated parts of the engine and thence to those 
at higher temperature holds good. The following sequence is generally 



A minimum height of 18 feet above the floor level is often specified. 
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adopted : — ^Air cooler, air compressor, cylinder jacket, head, exhaust valve, 
and exhaust pipes where they are jacketed. 

Frequently, however, t^e exhaust pipes are provided with a separate 
branch, in order to permit of independent discharges, one from the cylinder 
heads and the other from the exhaust pipe, making it possible to regulate 
the temperature of the water leaving the engine. 





Fig. 347. — General Arrangement of CJooling Water System. 

Eegulation of the cooling water is desirable in order to attain the best 
conditions of running the engine. 

When the circulation is under pressure from a pump the cooling water 
pipes of the cylinders, and their branches, if any, are each fitted with a cock 
at some point along their length. These cocks are often grouped at the 
ends of the pipes where they discharge into a common funnel o (Fig. 347). 
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This funnel leads through a pipe e of large diameter to the channel under 
the floor plates. In this way it is possible to regulate the delivery of the 
pipes at one point and to measure the various temperatures by the hand 
or with a thermometer. 

When fresh-water pressure mains are available the plant remains un- 
changed, excepting that the pump and the reservoir b may be eliminated. 

For the cooling water circuits gas piping is generally adopted, and the 
diameters should be such that the velocity of the water does not exceed 
0*70 to 1*20 metres (2J to 4 feet) per second, for a quantity calculated on 
a basis of 20 litres (44 gallons) per B.H.P. The diameter of the pipe e should 
be one and a-half to twice that of the inlet c. 

It is difficult to specify accurately the temperature of the discharge 
water. It varies for fresh water between 50° and 70° C. (120° and 160° F.), 
and depends on the part last traversed or on the order of the parts through 
which it has passed in series or in parallel, etc. It is certainly desirable 
that the compressor should be cold and the main cylinder hot, in order 
that these two parts may work efficiently. The cylinder head should be 
still hotter, to give readier ignition,* but the temperature of the cooling 
water spaces shoidd never be so high that it is not possible to keep the 
hand thereon. 

The hourly water circulation depends on the temperature of the discharge, 
and a statement that an engine consumes 12 or 15 litres (2*6 or 3-3 gallons) 
per B.H.P. per hour is of little value, if the difference of temperature between 
the inlet and discharge is not specified. It is known that the cooling water 
absorbs a given percentage of the total heat of the fuel — ^.e., 25 to 30 per 
cent. — so that this percentage should be found in the cooling water, or, in 
other words, the product of the quantity of water circulated, multiplied 
by the rise of temperature between the inlet and the discharge, should remain 
practically constant. 

Differences in the quantities of water required to be circulated through 
various engines may generally be attributed to the smaller or greater number 
of parts cooled thereby ; since, for example, when a considerable length of the 
exhaust pipe off the engine is water-cooled, a larger percentage of the total 
heat of the fuel will be carried away by the water, and so the quantity of 
the water required for circulation should be proportionally increased. 

For practical purposes with engines of medium power, the required' 
quantity is generally about 20 litres (44 gallons) per B.H.P.-hour, although, 
to give a suitable margin, the pump should be designed for a delivery of 
30 to 40 litres (6-6 to 8-8 gallons) per B.H.P.-hour. 



* With gas engines the cylinder head should be kept cold to avoid the premature 
ignitions which, of course, do not occur with Diesel engines. 
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CHAPTER XV. 

MARINE INSTALLATIONS. 

The engine-room of a Diesel -engined ship is practically the same as that for 
the average steamship, in that the main engines are in the middle with the 
auxiliary machinery grouped at the back of the engine, or in small auxiliary 
machinery rooms in communication with the main engine-room. 

The starting air reservoirs are generally arranged vertically against the 
' bulkheads or horizontally in tiers, and the fuel injection sAt bottle is often 
placed conveniently close to the engine manoeuvring gear. 

As stated on p. 15, the engine-room of Diesel-engined ships is generally 
more roomy than that required for steam engines of the same power, since 
fewer auxiliaries are required and the necessary piping is considerably less, 
although the greatest care must be exercised to use the available space to 
the best advantage. 

To give data for the space occupied would serve little useful purpose, 
as marine engines do not follow exactly definite types and no distinct classi- 
fication-is possible, owing to the differences between the engines of various 
makers for different spheres of action. 

The auxiliaries of a Diesel-engined ship may be grouped under the headings 
of engines for working the ship, those required to manoeuvre the ship» and 
those in connection with the main propelling units. 

Of the first category, it is not necessary to treat at length, and briefly, 
these may be said to be the bilge, ballast, fire, sanitary, and fresh-water 
pumps, similar in every way to those in use on steam-engined ships. The 
same may be said of the refrigerating plant and the electric generators. 

In cases where an auxiliary boiler is fitted, the dynamo may either be 
driven by the usual high-speed steam engine, or be coupled direct to a high- 
speed Diesel engine ; in cases where the power is small, a petrol or paraffin 
engine suffices. 

For large ships, two dynamo sets are generally provided, the main one 
being driven by a Diesel engine, and the other, which serves as a stand-by, 
being steam driven. 

Tlie cargo winches, as stated on p. 22, may be worked by steam or com- 
pressed air, and in either case they are exactly similar to the usual type. 
The same may be said of the warping and anchor capstans. The steering 
engine, if driven by compressed air, is generally supplied by a special reservoir 
charged by a separate compressor often driven from the main engine, and 
delivering air at a pressure of 7 to 8 atmospheres (100 to 115 lbs. per 
square inch). 
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The auxiliaries for the nuuii engines, in addition to the servo-motors 
necessary with high-power units for efiecting the manoeuvring of the maiu 



Figa. 348 and 349.— Bngine-room of M.V. "%liui(lia." 

engine, include the cooling water and fuel oil daily service pumps, the 
tiimii^ en|^ne, and sometimes a reserve air compressor. 
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Figs. 350 and 351. —Engine- room o( M.V. " Monte Penedo." 
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Figs. 352 and 353. — ^Arrangement of a Junkers- Frerichs Kngine of 90 B.H. P. 

in the fishing- boat *' Wotan.'* 
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The main engiae cylinders are cooled by sea water supplied by a pump 
driven from tEe engine drawing from the sea and discharging generally into 
a reservoir placed at a height above the cylinder jackets in the engine^ 
room coaming. From this height the water flows by gravity through the 
engine jackets and discharges overboard. For cooling the pistons fresh 





Figs. 354 and 355. ~A Two-cycle 150 B.H.P. Engine instaUation in the 

schooner ** Aquila." 

water is often applied, and on discharge from the piston is cooled and used 
again. 

The delivery pressure of the cooling water pump is usually from 3^ to 
4 atmospheres (42 to 57 lbs. per square inch). 

The reserve or stand-by air compressor is of the usual type, having two 
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or three stages of compression, and is similar to that coupled to the main 
engine, and of the same or slightly smaller capacity. In sOme cases two 
stand-by compressors are provided, of which one is driven by steam. 
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Installations including a donkey boiler require the usual steam auxili- 
aries, such as the feed pump, surface condenser, etc. 
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The tumiog gear, which is generally arranged to engage with teeth in the 
periphery of the flywheel, may be actuated by hand or driven by steam, 
compressed air, or electricity. 
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The Diesel engines driving auxiliary machinery, such as compressors 
and dynamos, are generally of the high-speed t3rpe running at from 300 to 
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400 revolutionB per minute; in almost all cases they work on the four- 
stroke cycle, and are identical in their main features with those constructed 
for the propulsion of small ships and for high-speed stationary work. 




• Fig. 358. 

Figs. 356 to 358.— Four-cylinder Two-cycle Engine of 800 B.H.P. in the cargo 

M.V. **Eave8tone." 



e = Fuel reservoirs. 
/ = Auxiliary steam condenser. 
g = Evaporators. 
h = Steam-driven pump, 
m = Auxiliary steam air compressor. 



71 = Steam-driven dynamo engine, 
o = Steam boiler feed pump. 
p = Fuel injection air reservoir. 
q = Starting air reservoirs. 



When dynamos have to be driven, fl3rv¥heels of a sufficient size must be 
fitted to give the requisitely small degree of irregularity of running, about 
10 per cent., and where two dynamos are installed arrangements are generally 
made to regulate the speed of revolution of the engines, in order that the two 
sets may be coupled in parallel. 

In some cases, in order to reduce weight and first cost, it is arranged that 
one aujciliary Diesel engine may drive several auxiliary machines by the 
interposition of couplings or clutches. 
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The descriptions which have been given of the suction, exhamt, and cooling- 
vxUer piping for Btatiouary engioes hold good generally for marine engines, 
with the exception of those cases in which the questions of space and weight 



Fig. 3t)j.— Steaiu-drivea Keavell Compreasor. 

and the particular conditions to be satisfied require the adoption of other 
expedients. In the rules for the classification of marine Diesel engmes, given 
in the Appendix to this chapter, suggestions are made in this connection. 
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Fig*. 365 to 367.— Scheme of InBtaltation of Two Junkers Engiaea of .10,000 total 
B.H.P. in an AtUntic liner at 36,000 tone displace iiient. 

The engine seating conaiste of the framing to nhich the bed plate U bolted, 
and when being erected in place the bed plate should be levelled in the same 
v&y as already described for land engines. 
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APPENDIX TO CHAPTER XV. 

RULES OF CLASSIFICATION SOCIETIES FOR THE CLASSIFICATION 

AND SURVEY OF MARINE DIESEL ENGINES. 

The Marine Registration and Classification Societies have, for some time 
past, studied the application of the Diesel engine to marine propulsion, with 
a view to formulating rules for the construction and periodic survey of vessels 
equipped with this type of prime mover. 

In view of the great number of different types of engines at present 
being bmlt, and of the rapid nature of the development of this branch 
of engineering, the adaptation of rigid formula to bring within their scope 
the majority of the systems in vogue is extremely difficult, but the niles 
which have been drawn up, and which are reproduced in the following pages, 
have been evolved as a result of considerable experience with marine Diesel 
engines : — 

LLOYD'S REGISTER OF SHIPPING. 

NOTICE IS HEREBY GIVEN that the following Rules fob the Con- 
struction AND Survey of Diesel Engines and their Auxiliaries 

HAVE- BEEN ADOPTED BY THE GENERAL COMMITTEE. 

RULES FOR THE CONSTRUCTION AND SURVEY OF DIESEL ENGINES 

AND THEIR AUXILIARIES. 

Section 1. In vessels propelled by Diesel Oil Engines, the Rules as 
regards machinery will be the same as those relating to steam engines, so 
far as regards the testing of material used in their construction and the 
fitting of sea connections, discharge pipes, shafting, stem tubes, and 
propellers. 

CONSTRUCnON. 

Section 2. I. In vessels built under Special Survey and fitted with 
Diesel Engines, the engines must also be constructed under Special Survey. 

2. In cases of Diesel Engines being built under Special Survey, the dis- 
tinguishing mark + will be noted in Red, thus : — +LMC or +NE. 

3. In order to facilitate the inspection, the plans of the machinery are 
to be examined by the Surveyors, and the dimensions of the shafts are to 
be submitted for approval. 

4. The Surveyors are to examine the materials and workmanship from 
the commencement of the work until the final test of the machinery under 
full power working conditions ; any defects are to be pointed out as early 
as possible. 

5. Any novelty in the construction of the machinery is to be reported 
to the Committee and submitted for approval. 
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6. The auxiliary engines used for air 'compressing, working dynamos 
and ballast, or other, pumps, are also to be surveyed during construction. 

7. In cases where the designed maximum pressure in the cylinders does 
not exceed 500 lbs. per square inch, the diameters of the crank shaft of the 
main engines are not to be less than those given by the following formula : — 

Diameter of crank shaft = ^U^ x (AS +~BL), 

where D = diameter of cylinder, 

S = length of stroke, 

L — span of bearings adjacent to a crank, measured from inner 
edge to inner edge. 

The values of (AS + BL) are as given in the following table : — 







TABLE I. 






4-Cycle Single-acting Engine. 


2-Cycle .Sinjile-acting Engine. 


Values of the Coefflcicnto. 

1 




4 or 6 cyls. 

8 cyls. 

10 or 12 cyls. 

16 cyls. 


2 or 3 cyls. 

4 cyls. 
5 or 6 cyls. 

8 cyls. 


•089 S + 056 L 
•099 S + •064L 1 
•Ills + •052L 
•131 S + -050 L i 



For auxiliary engines of the Diesel Type the diameters may be five per 
cent, less than given by the foregoing formula. 

8. In solid forged shafts the bresidth of the webs should be not less than 
1*33 times and the thickness not less than 0'56 times the diameter of the 
shaft as found above, or, if these proportions are departed from, the webs 
must be of equivalent strength. 

9. Where no flywheel is fitted, the diameter of the intermediate shaft 
must not be less than given by the formula : — 



Diameter of intermediate shaft = coefficient '^D* x S, 
where D = diameter of cylinder, 
S = stroke of piston, 

and the value of the coefficient is given by the following table : — 



TABLE n. 



4-Cycle Single-acting Engine. 



2-Cycle Single-acting Engine. 



4 cyls. 

6, 8, 10, or 12 cyls. 

16 cyla. 



2 cyls. 

3, 4, 5, or 6 cyls. 

8 cyls. 



Value of the Coefficient. 



•456 
'436 
'466 



Where the stroke is not less than 1-2 times nor more than 1'6 times 
th e diam eter of the cylinder, (-735 4- '273 S) may be taken instead of 

^D^iTs; 
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10. In cases where flywheels are fitted, the following value of the co- 
efficient may be taken for determining the size of the intermediate shaft 
abaft the flywheel shaft. 

TABLE m. 



4-Cyc1e Siugle-acting Engine. 



4 cyls. 

6 cyls. 

8 cyls. 
10 cyls. 
12 cyls. 
16 cyls. 



2-Cycle Single-acting Engine. 



2 cyls. 

3 cyls. 

4 cyls. 

5 cyls. 

6 cyls. 
8 cyls. 



Value of the Coeffluient. 



•405 
•400 
•409 
•420 
•427 
•461 



11. The diameter of the flywheel shaft must be at least equal to that 
of the crank shaft. 

12. The diameter of the thrust shaft measured under the collars must 
be at least | Jths that of the intermediate shaft. The diameter may be tapered 
off at each end to the same size as that of the intermediate shaft. 

13. The diameter of the screw shaft must be not less than the diameter 

of the intermediate shaft (found as above) multiplied by ( -63 + 
in no case must it be less 



(found as above) multiplied by ( -63 
than 1-07 T, ^ 



but 



where P = the diameter of the propeller in inches, 

T = the diameter of intermediate shaft in inches. 

The size of the screw shaft is intended to apply to shafts fitted with 
continuous liners the whole length of the stern tube, as provided for in 
Section 18, paragraph 3, of the Rules for Engines and Boilers. If no liners 
are used, or if two separate liners are used, the diameter of the screw shaft 
should be |Jths that given above. 

The diameter of the screw shaft is to be tapered off at the forward end 
to the size of the thrust shaft. 

14. If the designed maximum pressure in the cylinders exceeds 500 lbs. 
per sq. inch, the diameters of the shafting throughout must be increased 

. ,, ,. , "* /"maximum pressure in lbs. per sq. inch 
m the proportion of w ^Tyx • 

15. Where the cylinder liners are made of hard close-grained cast iron 
of plain cylindrical form, accurately turned on the outside as well as bored 
on the inside so that their soundness can be ascertained by inspection, and 
their thickness at the upper part is not less than ^^th of the diameter of 
the cylinder, they need not be hydraulically tested by internal pressure. 
If, however, they are made of complicated form, the question of testing 
must be submitted. 

16. The water jackets of the cylinders, and the water passages of the 
cylinder covers and pistons,, must be tested by hydraulic pressure to 30 lbs. 
per square inch, and must be perfectly tight at that pressure. 
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17. The exhaust pipes and silencers must be water-cooled or lagged' by 
non-conducting material, where risk of damage by heat is likely to occur. 

18. The cylinders are to be fitted with safety valves loaded to not more 
than 40 per cent, above the designed maximum pressure in the cylinders 
and discharging where no damage can occur. 

19. The air compressors and their coolers are to be made so as to be 
easy of access for overhaul and adjustment. 

20. In single screw vessels, an auxiliary air compressor is to be provided 
of sufficient power to enable the main engines to be kept continuously at work 
when the main compressor is out of action. 

If the manoeuvring gear is arranged so that the engines can be kept 
continuously at work with some of the cylinders out of action, the auxiliary 
compressor need only be of sufficient power to enable the engines to be kept 
at work under these conditions. 

In twin-screw engines in which two sets of compressors are fitted, the 
auxiliary compressor must be of such size as to enable it to take the place 
of either of the main compressors. If in such engines each main compressor 
is sufficiently large to supply both engines, a smaller auxiliary compressor 
wiU be sufficient. 

A small auxiliary compressor, worked by a steam engine, or by an oil 
engine not requiring compressed air, is to be fitted for first charging the air 
receivers. 

21. At least one high-pressure air receiver is to be arranged with con- 
nections to enable it to be used for fuel injection, in case the working receiver 
of either main engine is out of use from any cause. 

22. The circulating pump sea suction is to be provided with an efficient 
strainer which can be cleared inside the vessel. 

AIR RECEIVERS. 

Section 3. 1. Compressed air receivers for starting air are to be supplied 
of sufficient capacity to permit of twelve consecutive startings of the engines 
without replenishment. 

2. Cylindrical receivers for containing air under high pressure, used 
either for starting or for injection of fuel in oil engines, may be made either 
of seamless steel or of welded, or riveted, steel plates. 

3. Qiuility of Material. — If made of welded, or riveted, steel plates, the 
ordinary rules regarding steel material for boilers apply, which provide 
that where welding is employed, either in the longitudinal seams or at the 
ends, the material must have a tensile strength not exceeding 30 tons per 
square inch (Section 4, par. 7, Rules for Engines and Boilers). In these 
cases the welding must be lap welding ; neither oxy-acetylene nor electric 
welding will be permitted. 

4. In the case of seamless receivers, the rules for material will be the 
same as for boiler shells, but the permissible extension may be 2 per cent, 
less than that required with boiler plates. 

5. Tensile and Bend Tests are to be made from the material of each 
receiver. When they are welded or riveted, the tests may be made, and the 
thicknesses verified, before the plates are bent into cylindrical form. In 
the cases of seamless receivers, the thicknesses must be verified by the 
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Surveyor before the ends are closed in, and at this time the Surveyor shall 
select and mark the test pieces required from either of the open ends of the 
tube. The test pieces are to be annealed before test, so as to properly 
represent the finished material. 

6. The permissible working pressure for welded or seamless receivers 
is to be determined by the following formulte : — 

Maximum working pressure in lbs. per sq. inch 

= 1^ for thicknesses of | in. and above, 

-b: ^ : for thicknesses below f in., 

where S = Minimum tensile strength of the steel material used, in tons 

per sq. inch, 
T = Thickness of the material, in sixteenths of an inch, 
D = Internal diameter of cylinder, in inches, 
C = Coefficient as per following table : — 

Coefficient 

77 for seamless receivers of thickness of f in. and above 
69 „ „ „ „ below I in. 

64 „ welded „ „ of f in. and above 

48 „ „ „ „ l>elow|in. 

7. For flat ends welded into the cylindrical shells, the thickness must 
not be less than 

where T = thickness, in sixteenths of an inch, 
D = internal diameter, in inches, 
P = working pressure, in lbs. per square inch. 

8. The permissible working pressure for receivers made of riveted steel 
plates is to be determined by the rules regulating the working pressure of 
boilers. 

9. Each welded or seamless receiver shall be carefully annealed after 
manufacture, and before the hydraulic test. 

10. Each welded or seamless receiver shall be subjected to a hydraulic 
test of twice the working pressure, which it shall withstand without per- 
manent set. 

11. Each receiver made of riveted steel plates is to be tested by hydraulic 
pressure to twice the working pressure for pressures up to 200 lbs. per square 
inch. Where higher working pressures are used, the test pressure need not 
be more than 200 lbs. per square inch above the working pressure. 

12. AU receivers above 6 inches internal diameter must be so made 
that the internal surfaces may be examined, and, wherever practicable, 
the openings for this purpose should be sufficiently large for access. Means 
must be provided for cleaning the inner surfaces by steam, or otherwise. 

13. Each receiver which can be isolated must have a safety valve fitted, 
adjusted to the maximum working pressure. If, however, the air compressor 



CLASSmOATION OF MABIKS DISSBL BKQINES. S79 

ifl fitted with a safety valve 00 arranged and adjusted that no greater pressure 
than permitted can be admitted to the receivers, thej need not be fitted 
with safety valves. 

14. Each receiver must be fitted with a drain arrangement at its lowest 
part, permitting oil and condensed water to be blown out. 

PUMPING ARRAMGEHEim. 

Section 4. 1. The requirements of the pumping arrangements for the 
various holds, double bottoms or other ballast tanks, etc., are to be the same 
as required in steam vessels of the same sLce. 

2. The engines are to be fitted with two bilge pumps, which are to be 
so arranged that either can be overhauled while the other is at work. In 
twin-screw vessels one bilge pump upon each engine will be approved. These 
pumps are to be arranged to Ara,vr from all compartments. Independent 
power-driven pumps may bo fitted in lieu of these, if desired. 

3. A steam pump, or equivalent power*driven pump, is also to be pro- 
vided with connections to enable it to draw from all eompartments and &om 
the sea. It must be arranged to discharge overboard and also on deck to 
the fire service pipes. It must have at least one suction to the engine room 
bilge distinct from those connected with the bilge pumps, so that it may 
be used for pumping from the engine room when the bilge pumps are being 
used upon other parts of the vessel. 

4. In addition to the above, where water ballast is used, the water ballast 
pump must have one direct suction from the engine-room bilges. (This is 
in lieu of the bilge injection required with steam engines.) 

GENERAL. 

Saotion 6* 1. For the ordinary fuel tanks the requirements of Section 49 
will apply. The daily serviQC and other separate tadcs must be tested, with 
all their fittings, with a head of water of 12 feet above their highest points. 
They must be fitted with air pipes discharging above the upper deck. If 
they are fitted with glass gauges for indicating the quantity of oil contained 
in them, arrangements must be made for readily shutting off the gauges 
in the event of the breakage of the glass, and for preventing any damage 
from leakage of oil. 

2. Special attention must be given to the ventilation of the engine room. 

3. If the auxiliaries are worked by electricity, the cables in connection 
with them must be in accordance with the rules for cables for electric light. 

4. It is recommended that all pipes conveying fuel oil shotild, as far as 
possible, be made of steel or iron, rather than copper, owing to the rapid 
corrosion of copper pipes when using oil containing sulphur. 

SPARE GEAR. 

Sectloii 6« The articles mentioned in the following list will be required 
to be carried, via. : — 

I cylinder cover complete for the main engines, with all valves, valve 
seats, springs, etc., fitted to it. 
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In addition, one complete set of valves, vaJve seats, springs, etc., 
for one cylinder of the main and of the auxiliary Diesel engines, 
and fuel needle valves for half the number of cylinders of each engine. 

1 piston complete, with all piston rings, studs, and nuts for the main 
engines. 

In addition, one set of piston rings for one piston of the main and 
of the auxiliary Diesel engines. 

1 complete set of main skew wheels for one main engine. 

2 connecting-rod, or piston-rod, top-end bolts and nuts, both for the 

main and for the auxiliary Diesel engines. 
2 connecting-rod bottom end bolts and nuts, both for the main and 

for the auxiliary Diesel engines. 
2 main bearing bolts and nuts, both for the main and for the auxiliary 

Diesel engines. 
1 set of coupling boltfl for the crank shaft. 
1 set of coupling bolts for the intermediate shaft. 
1 complete set of pist(jn rings for each piston of the main and of the 

auxiliary compressors. 
1 half set of valves for the main and for the auxiliary compressors. 
1 fuel pump complete for the main engine, or a complete set of all 

the working parts. 
1 fuel pump for the auxiliary Diesel engine, or a complete set of all 

working parts. 
1 set of valves for the daily fuel supply pump. 
1 set of valves for the water circulating pumps. 
1 set of valves for one bilge pump. 

1 set of valves for the scavenge pump, where lift valves are used. 
A quantity of assorted bolts and nuts, including one set of cylinder 

cover studs and nuts. 
Lengths of pipes suitable for the fuel delivery and the blast pipes to 

the cylinders, and the air delivery from the compressors to the 

receivers, with unions and flanges suitable for each. 

PERIODICAL SURVEYS. 

Section ?• 1. The engines are to be submitted to survey annually, and 
in addition are to be submitted to a Special Survey upon the occasion of the 
vessels undergoing the Special Periodical Surveys Nos. I, 2, and 3 prescribed 
in the Kules, unless the machinery has been specially surveyed within a period 
of twelve months, in which case the Annual Survey will be sufficient. The 
boilers, if fitted, are to be subjected to the same surveys as required by 
Section 19 of the Rules for Engines and Boilers. 

2. Special Surveys. — At these special sur\'eys, the main engines and the 
auxiliary engines are to be examined throughout, viz. : — All the cylinders, 
pistons, valves and valve gears, connecting-rods and guides, pumps, crank, 
intermediate, and thrust shafts, propellers, stern bushes, sea connections 
and their fastenings, are to be examined. The air compressors are also to 
be examined. The air receivers are to be cleaned and examined and, if 
necessary, tested, as provided for in paragraph 3 of this Section. 

3. Annual Surveys. — The whole of the parts of the engines which the 
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engineers of the vessel open up for adjustment and overhaul should be 
examined and reported upon. The Survey must include, for each main 
engine, the examination of at least 2 pistons, 2 cylinder covers and their 
valves, 2 connecting-rods and their brasses, both top and bottom ends, 2 of 
the main bearings and crank-shaft journals, and 1 of the tunnel bearings. 
If these are all satisfactory, their condition may be taken as representing 
that of the other similar parts. 

In the auxiliary Diesel engines, a similar course must be adopted, but 
in this case one of each of the parts mentioned of each engine will be sufficient, 
if found to be satisfactory. 

The valve gears of all the Diesel engines should be examined, as far as 
practicable, without complete dismantling. 

The air receivers must be examined intemaUy if possible, and, together 
with the air pipes from the compressors, must be cleaned internally by means 
of steam, or otherwise. If the air receivers cannot be examined internally, 
they must be tested by hydraulic pressure to twice the working pressure 
at each alternate Annual Survey, attention being specially given to the 
welding of the ends and of the longitudinal joints. 

The pumps and air compressors must be examined and tried under working 
conditions. If found to be satisfactory, they need not be dismantled. 

The manoeuvring of the engines must be tested imder working conditions. 

If the examination reveals any defects, the Surveyor should recommend 
such further opening up as he may consider to be necessary. 

4. Record of Survey. — If the various parts mentioned in paragraph 2 
or 3 are all found to be in a satisfactory condition and the Surveyor finds 

*that the machinery generally is in good order, he should recommend the 
vessel to have a fresh record of LMC. 

5. Survey of Scretv Shafts. — ^Screw shafts are to be drawn and examined 
at intervals of not more than two years.* 

NOMINAL HORSE-POWER OF DIESEL ENGINES. 

The following rule is to be used for determining the Nominal Horse-Power 
of Diesel Engines in regulating the fees for their survey, viz. : — 

N X D^V^ 
NHP = Q^r in the case of single-acting engines of the 

4-cycle type, 

N X D^Vs" 

— in the case of single-acting engines of the 



40 



2-cycle type, and 



N X D^VS 
= ^^ in the case of double-acting engines of the 

2-cycle type, 

where D — diameter of cvlinder in inches, 

S = stroke of piston in inches in ordinary reciprocating engines. 
= twice the stroke of piston in the case of engines of the 
" Junker " type, 
N = number of cylinders. 



* On the application of Owners, the Committee will be prepared to give considera- 
tion to the circumstances of any special case. 
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For the survey and testing of steam boilers fitted in Diesel^engined vessels 
additional fees vvill be charged in accordance with the Society's usual scale. 

It is to be understood that the following Rules of 

THE BRITISH CORPORATION FOR THE SURVEY AND 

REGISTRY OF SHIPPING 

are, in the fullest meaning of the word, Provisional^ and form in effect a Ixmsfor 
discussion ivith Designers when 7na€hinery of this ty^)e is about to be buHt to the 
Classification of this Society. 

PROVISIONAL RULES FOR INTERNAL COMBUSTION 

ENGINES. 

General Conditions of Classification. 

The construction of Internal Combustion Engines, their auxiliaries and 
donkey boilers, which are intended for classification with the British Cor- 
poration, is to be carried out under the supervision and to the satisfaction 
of the Surveyors, and before j>roceeding with the work, full information 
regarding the engines, together with detailed plans and particulars of pro- 
posed arrangement of engine seating and holding-down bolts, bilge and 
ballast pumping arrangements, air reservoirs, oil fuel tanks, filters and oil 
warming arrangeraentjn, also detailed plans and particulars of boilers, showing^ 
their position on board ship, are to be submitted for the approval of the 
Committee. Upon satisfactory completion in accordance with the Bules, 
the machinery will te entered in the Register Book M.B.8. * (" Machinery 
British Standard '' — Special Siurvey.) 

The following Rules are intended to apply to the particular requirements 
in connection with the construction of Internal Combustion Engines, with 
their auidliaries, air reservoirs, and oil fuel tanks, and are supplementary 
to such of the general requirements in connection with forgings, pumps, 
etc., for which provision is ma^e under Section 33, etc., of the Rules. 

(1) All material used in the construction of the machinery is to be made 
in accordance with Sec. 33, pars. 2-14. All steel for air reservoirs is to be 
subject to the requirements for boiler steel (Sec. 32), and that for oil tanks 
to those for ship steel (Sec. 3). 

(2) The engine room is to be thoroughly ventilated and so arranged as 
to prevent the accumulation of inflammable gases. Satisfactory provision 
is to be made for the interception of any overflow of fuel from the engines. 
The fuel tank for the daily supply is to be kept well away from the donkey 
boiler, the funnel, and the exhaust pipes. Where fuel of a lower flash point 
than 150 deg. Fahr. is used, donkey boilers must be placed in an efliciently 
ventilated compartment separate from the engine room and fuel tanks. 

(3) Propelling engines are to be fitted with a governor, or other satis- 
factory arrangement, to prevent racing of the engines. Engines above 
300 B.H.P. should be reversible. 

(4) Shafting. — The minimum diameter of crank, intermediate, thrust, 
and propeller shafts may be found from the following formulsB : — 



CLASSIFICATION OF MAKINE DISSSL ENGINBS. 



28S 



For crank shafts, d 



=y^ 



X P (S + L) 



where d = Diameter of shaft, in inches, 
D = Diameter of cylinder, in inches, 
S = Stroke of piston, in inches, 
L = Length between edges of bearings, in inches, 
P = Maximum initial pressure, in lbs., per square inch, 
C = Constant. 



9,000 
8,600 
8,000 
7,500 
7,000 
6,500 
6,000 
4,600 



For 4*cycle Bnglnes, 

Single Acting. 

So. of Cyls. 



1, 2, 3. 4 
6 

8 
12 



For 2-cycle Engines, 

Single Acting. 

No. of Cyls. 



1. 2. 3 
4 

• • • 

6 

8 

8» 



For 2-cycle Engines, 

Doable Acting. 

No. of Cyls.* 



1, 2 
3 

• • • 

4 

• • ■ 

6 
6* 



For intermediate shafts, d = ^ p 





For 4-cyele Engines, 


For 2-cycle Engines, 


c 


Single Acting. 


Singl 


e Acting. 




No. of Cyls, 


No. 


of Cyls. 


11,000 


1, 2, 4, 6 


2 


8,750 


12 


1, 


3, 6 


7,800 


3, 8 




4 


6,700 






8 


6,200 






• ■ • 


4,800 






6^ 


4,350 






• • • 


4,250 






> • • 


3,750 


1 




8* 



For 2-cycle Enginee, 

Double Acting. 

No. of Cyls. 



1 
2, 3 



6 
6* 



Thrust shafts to be 5 per cent, larger in diameter than the intermediate 
shafts. 

Propeller shafts to be of the diameter of the Thrust Shaft, multiplied 
by the value of B in the Table for Propeller Shafts in Sec. 33, par. 1. 

The thickness of the crank webs on built crank shafts is not to be less 
than two-thirds of the diameter of the crank shaft, and the webs of solid 
crank shafts are to be in accordance with the following formula : — 

d^ 

where d = Diameter of crank shaft, 
h = Breadth of crank web, 
/ = Thickness of crank web. 



* Applies to cases where the cranks are so arranged that two impulses occur 
simultaneously. 
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The radius of the fillets is not to be less than -07^. for main bearings 
and 'Odd. for crank pins. 

(5) Cylinders must be wat^r cooled and the water jackets provided with 
test and drain cocks. An escape valve should be fitted on or near each 
cylinder head, in order to give warning should the pressure in the cylinder 
become excessive. 

(6) Main engine cylinder heads, cylinders not fitted with liners, and 
cylinders for air compressors for starting and fuel injection purposes, are 
to be tested by hydraulic pressure to-twice their working pressure. Cylinder 
water jackets are to be tested to 50 lbs. per square inch. 

(7) The engine bed plate is to be well ribbed and strongly constructed, 
and the colunms are to be carefully designed to withstand the tension stresses. 
When the engines are of the enclosed type, portable doors^ are to be fitted 
for the inspection of the cranks, bearings, etc., the crank cases to be provided 
with efficient means of ventilation. The engine-room platforms are to be 
supported on metal framework, not on wood. 

(8) Compressed-air reservoirs are to have sufficient capacity to ensure 
ample manoeuvring power for the main engines. The material for cylindrical 
Air Holders constructed of riveted steel plates is to be of the quality and 
subject to the tests specified in Section 32 of the Rules for Boiler Shell Plates. 
The thickness of the plates is to be governed by the formulae for cylindrical 
boiler shells. 

Plans showing details of riveting, etc., are to be submitted for approval. 

Seamless and Welded Holders are to be made from steel of the best Mild 
Open Hearth Quality having a tensile strength of not less than 23 tons per 
square inch, and showing an elongation of at least 25 per cent, on a gauge 
length of 8 inches. 

The thickness of material in seamless and welded holders is to be in 
accordance with the following formulse : — 

Cylindrical shells, T = — r^ h ^ 

Flatends, t = ^^^ + i 

Dished ends. t = ^^ + i 

T = Thickness of shell, in inches. 

t = Thickness of ends, in inches (to be in no case less than T). 
W = Working pressure, in lbs. per square inch. 
D = Greatest internal diameter, in inches. 
R = Internal radius of dished end, in inches. 
C = 15,500 for welded cylinders. 
C = 22,000 for seamless cylinders with a tensile strength of 23 tons 

per square inch ; with higher strengths the value of C may 

be proportionately increased. 

All material is to be inspected and tested by the Surveyors to the British 
Corporation Registry. 

The holders are to be submitted for inspection before the ends are closed. 
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Longitudinal seams are in all cases to be lap-welded. Electric, Oxy- 
Acetylene or Oxy-Hydrogen welding is not to be used for any part of the 
holders. 

Seamless and welded holders are to be annealed after completion, and 
all holders are to be subjected to a hydraulic pressure test of double the 
working pressure, in presence of the Surveyor. 

Openings for internal inspection are to he provided in the ends of the 
holders. When the holders are over 6 feet in length there should be openings 
in both ends. 

A nianhole is to be provided in all holders which have sufficient diameter. 

All air holders are to be fitted with drain valves to draw off any accumu- 
lation of water or oil, and an internal pipe is to be fitted to the air inlet of 
the injection air holder, extending about half-way down the holder. 

The air system is to be provided with a relief valve so constructed that 
it cannot be overloaded, and it is recommended that a non-return valve 
or other effective means be provided to prevent an ignition in the fuel valve 
casing frOm travelling through the injection air pipe to the air reservoir. 

(9) Air compressors should not draw air from the crank cases of the 
engines. The air is to be efficiently cooled after each compression stage, 
and should have a final temperature not exceeding 20 deg. Fahr. above 
that of the cooling water before being allowed to enter the compressed air 
reservoirs. The compressors are to be fitted with safety valves, pressure 
gauges, and satisfactory arrangements for preventing the entrance of dirt 
and the delivery of oily air. The cooler coils are to be readily accessible 
for cleaning and removal. 

Auxiliary compressors are to be fitted for use when the main engines 
are being manoeuvred, and when the air compressor on the main engines 
is not available ; they should not be of less power than half that of the 
compressors for one set of main- engines. Arrangements should be made 
to provide water circulation from an independent pump in the event of a 
breakdown in the circulating pump. 

(10) When vessels are intended to navigate shallow waters, two inlet 
valves for water circulation should be fitted, one on the ship's bottom and 
the other above the turn of the bilge. There should be in all cases an efficient 
strainer between the inlet valves and the circulating pumps, so designed 
and arranged that it may be cleaned and overhauled while the engines are 
working. Where there is no sight discharge from the cylinder jackets, 
a test cock or other means must be provided to enable the Engineer to satisfy 
himself that there is a continuous flow of water through each jacket. 

(11) The fuel oil tanks are to be of sufficient strength to withstand the 
stresses due to the tanks being partly full when at sea ; they are to be arranged 
so that leakage or drips will drain into wells having separate pumps ; satis- 
factory ventilating arrangements are to be provided ; and diaphragms of 
strong meshed wire gauze are to be fitted to all air pipes. The flash point 
of fuel oil carried in uninsulated tanks is not to be below LW^ F., and such 
tanks are to be tested with a head of water at least 18 feet higher than that 
to which they are subject in practice. Where oil of a lower flash point is 
used, the tanks and connections are to be tested to at least 15 lbs. per square 
inch, and the tanks in sea-going vessels are to be separated from the engine 
room, and cargo spaces by coffer dams. Where the fuel oil is carried in the 
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double bottom, an ample reserve is to be carried in a tank fitted separate 
from the double bottom, easily accessible for cleaning, etc., and fitted with 
internal coils for warming the oil when necessary. Fuel tanks which are 
worked under pressure are to be fitted with safety valves loaded to 5 per 
cent, above the working pressure, which discharge overboard or to the atmo- 
sphere above deck through wire gauze diaphragms. 

(12) Filters for the fuel oil are to have bolted covers. Escape valves are 
to discharge into pipes leading back to the tank or to the atmosphere above 
deck ; in the latter case the upper ends of the pipes are to be turned down 
and fitted with wire gauze diaphragms. 

(13) AU fuel and compressed air pipes are to be made of steel or annealed 
seamless copper, metal to metal joints are recommended where the pressure 
exceeds 4(X) lbs. per square inch. Exhaust pipes which pass through wood 
decks or close to combastible material must be eflFectively insulated. If 
the exhaust pipe is led overboard near the water line, it must be so arranged 
that water will not syphon back to the engine. 

(14) All silencers are to be constructed so that they can be readily opened 
up for cleaning and inspection. 

(15) Oil cooling tanks for forced lubrication are to be fitted with cooling 
coils connected to the water circulating system. The oil pumps are to be 
fitted with pressure gauges, and should be so designed that they cannot 
become air-locked. The oil well is to be so arranged as to minimise the risk 
of drawing air when the vessel is in a sea way. 

(16) All electric ignition leads must be well insulated and protected from 
mechanical injury. The leads should be kept remote from petrol pipes, and 
should not be placed where they may come in contact with oU. Commutators 
must be enclosed, and sparking coils must not be placed where they are 
exposed to explosive vapours. Exposed spark gaps are not to be fitted. 
Where lamps are used for ignition or for vapourising the fuel for paraffin 
and heavy oil engines, they should be fixed on a suitable bracket and the 
fiame enclosed when in use. 

(17) Spare gear in accordance with the following list is to be supplied, 
and stowed where readily accessible : — 

2 Main bearing bolts and nuts. 

2 Connecting-rod bottom end bolts and nuts. 

2 Connecting-rod top end bolts and nuts. 

1 Set bolts or studs for cylinder covers. 

Packing rings for pistons and trunks of main engines and of each 
auxiliary internal combustion engine. 

Piston rings for each stage of main and auxiliary air compressors, and 
for scavenging air pumps. 

Fuel and air admission valves and exhaust valves, with seats and 
springs, for main engines and for each auxihary internal com- 
bustion engine. 

Suction and delivery valves and seats for main and auxiliary air 
compressors, scavenging air pumps, oil fuel, water circulating, 
and lubricating oil pumps. 

Springs of each size. 

Assorted bolts, nuts, studs, bar and plate iron. 
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Periodical Surveys. 

Internal Combustion Machinery is to be subject to annual survey, at 
which a general examination is to be made of the main engines and their 
auxiliaries, such as may be necessary for the Surveyor to satisfy himself 
as to their efficient state. At least one cylinder of each engine, all the air 
compressors and coolers, the oil filters, the scavenging air and water- circulating 
pump valves, and at least half the number of air reservoirs rire to be opened 
up and examined. The electric ignition, if any, and all the safety valves are 
to be examined and, .as far as practicable, tested. 

Special Periodical Surveys are to be carried out at the same time as the 
Special Surveys on the Hull, when, in addition to the requirements for Annual 
Survey, the following parts of the machinery are to be opened up and 
examined : — Cylinders, cylinder covers, needle valves and all other fittings on 
same,. pistons, crossheads, thrust block, main and intermediate shaft bearings, 
shafting and steering sjear. All oil tanks and air reservoirs are to be carefully 
examined and tested under water pressure, as required by the construction 
rules, and such other parts are to be examined as may be considered necessary. 

The arrangements for pumping from the vesseVs holds, as well as from 
the machinery spaces, are to be inspected ; and while the vessel is in dry 
dock, all openings to the sea, together with the cocks and valves in connection 
with the same, examined. In addition, all iron and steel fastenings of sea 
cocks and valves to the shell plating should be removed for examination 
at each No. 3 Special Survey. 

The propeller shaft should be drawn once every two years, and mor?^ 
frequently if considered necessary by the Surveyor ; but when liners are 
fitted solid in one length, the shaft need only be drawn once every three 
years. The Committee are, however, prepared to consider representations 
from Owners as to special circumstances, which may modify these require- 
ments in particular cases. When the after bearing is worn down J inch 
with shafts not exceeding 9 inches in diameter, ^ inch when over 9 inches 
and not exceeding 12 inches, and f inch with shafts over 12 inches in diameter, 
the bearings must be rebushed. 
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CHAPTER XVI. 

TUNING-UP» TEST BENCH AND ACCEPTANCE TRIAI^ OF 

DIESEL ENGINES. 

To start up a Diesel engine, the following operations must be carried out : — 

The crank of the cylinder provided with the starting air valve is turned 
to the starting point^.e., 20° past the top dead centre in the direction of 
rotation — so that the nose of the starting air cam is under its lever and the 
valve is open. 

The cooling-water system is put into action, the cock leading to the fuel 
oil reservoir is opened, and the lubricators of the engine are adjusted. 

The regulating lever of the fuel injection pump is brought to the starting 
position, and the valves of the fuel injection air reservoir are opened to put 
them into communication with the air compressor and with the cylinder 
head fuel injection valves. 

Finally, the starting air reservoir is put into communication with the 
cylinder starting air valves. The engine commences to turn under com- 
pressed air, and when a sufficiently high speed of revolution has been 
attained, the valve gear control lever is brought to. the running position, 
and the engine is then put on fuel. 

If the engine does not pick up on fuel, this lever is brought back to the 
starting position, in order again to increase the revolutions before attempting 
for the second time to get the engine to fire on fuel. In the event of the 
engine failing for the second time to pick up on fuel, it may be assumed 
that there is some defect in the mechanism, or some mistake in erecting, 
and it is preferable to seek for this rather than to waste the air storage in 
useless attempts to start. 

The pressure of the starting air should preferably not be greater than 
from 30 to 45 atmospheres (425 to 640 lbs. per square inch), as it may 
happen that leaky starting air valves may cause the compression to increase 
to such an extent that the engine is stopped and swings in the reverse 
direction of rotation, whilst it is exceedingly dangerous to subject the engine 
to excessively high pressures. 

At starting, the fuel injection air should have a pressure of about 50 
atmospheres (710 lbs. per square inch), as at light loads higher injection 
pressures cause faulty running. 

When the engine has been started and the starting air reservoirs* re- 

* If, due to any mistake or to a series of failures to start, it should occur that all 
the reservoirs have been emptied, they may be recharged from a bottle of COg, and, to 
accelerate this operation, the pipe communicating between the COj bottle and the 
engine reservoirs may be heated by means of the application of waste soaked in hot 
water. The CO2 bottle itself must never in any way be directly heated, or accidents, 
as has been the case, may result. 
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charged, the delivery of the compressor is regulated as described in Chapter 
XIII. , and the attention of the man in charge may be limited to careful 
supervision of the lubricators, the pressure in the reservoirs, temperature 
of the cooling water, etc. 

It is difficult to give more exact instructions for the running of Diesel 
engines, nor would such fall within the scope of this work. 

Each design of engine contains peculiarities which must be taken into 
consideration, and concerning which the constructors of the engines always 
supply information to those to whom the running of the engine will be 
entrusted. In addition, it can be stated that every engine has its own 
little running peculiarities, which can only be learned by the engineer in 
charge as a result of considerable experience. 

The frequency with which inspection and overhaul of the various parts 
should be carried out depends largely on local conditions, such as the quality 
of the fuel and lubricating oils, the kind of load to which the engine is subject 
— i.e., whether light or heavy, variable or constant.* 

Only experience can teach the periods of time after which it is desirable 
to clean or grind in the main exhaust and suction and fuel injection valves, 
the air compressor and the fuel injection pump valves. 

The various adjustments and trials which are periodically carried out 
are similar to those which are required to be made when the engine is new. 



* The followiDg table, taken from the instruction-book issued by Messrs. Sulzer to 
those in charge of engines supplied by them, may serve to give a brief idea of the 
order and frequency with which inspection and overhaul should be carried oat for 
the usual type of four-cycle stationary engine runniog under normal conditions : — 
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One-cylinder 
Engine. 



Air compressor 

valves. 

Filters of fuel 

tank. 

Lnbri cation 

system to 

main hearings. 



Exhaust valve. 



M Air compressor 
» valves 

Fuel injection 
pump valves. 



Exhaust and 

starting air 

valves. 

Suction valve. 

Fuel injection 

valve. 



Two- cylinder Engine. 



1st Cylinder. 



Air compressor 
valves. 



2nd Cylinder. 



Exhaust valve. 



Lubrication system to main 
bearings. 



Exhaust valve. 



Air compressor 
valves. 



Fuel injection pump valves. 
Filters of fuel tank. 



Air compressor 
valves. 



Exhaust and 
starting air 

valves. 

Suction valve. 

Fuel injection 

valve. 



Exhaust and I 
starting air 

valves. Air compressor 

Suction valve. valves. 

Fuel injection 
valve. 



Three-cylinder Engine. 



Ist Cylinder. 2nd Cylinder. 



Air compressor 

valves. 
Fuel injection 
pump valves. 



Exhaust valve. 



Srd Cylinder. 



Air compressor 

valves. 
Filters of fuel 

tank. I 



Lubrication system to main bearings. 



Exhaust valve. 



Air compressor 
valves. 



Exhaust and 

starting air 

valves. 

Suction valve. 

Fuel injection 

valve. 



Air compressor 
valves. 



Exhaust and 

starting air 

valves. 

Suction valve. 

Fuel injection 

valve. 



Air compressor 
valves. 

Lubricating oil 
filter. 



Exhaust and 

starting air 

valves. 

Suction valve. 

Fuel injection 

valve. 



Air compressor 
valves. 



Exhaust valve. 



AJter One JfontA.— Examine the pistons of the air compressor. 

AJler One FM(r.— Examine the main pistons, and renew the piston rings as required ; clean the 
main fuel oil tank and the inside of exhaust silencer. 

19 
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Test Bench Trials. — ^The most important trials to be carried out with the 
engine are those made before the engine leaves the makers' works, described 
as tuning-up trials, and those when the engine has been erected in place — 
t.e., acceptance trials. 

The bench trial requires great experience and not a little prudence 
on the part of those responsible, since explosions, which are part of the 
principle upon which the internal combustion works, may be so accentuated 
by any small defect in construction or by carelessness in erection as to pro- 
duce disastrous effects upon the engine and serious consequences to those 
in charge. For this reason it is necessary, before the first start is attempted, 
after the engine has been erected on the test bench or erected in place, to make 
quite sore that no mistakes have occurred in the erection. The fuel injection 
pump should be tested to see that all joints are tight and that no air is present. 
The clearance between the valve lever rollers and their respective cams 
should be adjusted. The various valves should be opened by hand, to ensure 
that they return readily to their seat under the action of their springs, and 
finally, the engine should be turned by means of the turning gear for a 
few revolutions to make sure that all is clear. 

Whilst the engine is being turned by hand, the cylinders should be in 
commimication with the atmosphere by means of an arrangement of the 
type shown in Fig. 220, p. 154, or preferably, by opening the cylinder 
indicator cocks, so that it may be seen whether, due to any defect, any 
water has entered the cylinder, which, if it were allowed to remain, might 
cause serious consequences.* 

During the early trials of a new engine, lubricating oil should be supplied 
in excess, as however good the workmanship, the bearing surfaces are not as 
smooth, nor is the contact so good, as when the engine has run for a certain 
period. The friction and the chances of besuings seizing are iai greater during 
the early periods of running than when the engine has been for some time in 
regular service. 

The compressed air leads from the air reservoirs to the fuel injection 
valves on the cylinders, and those from the air compressor and the starting 
air pipes should be tested by air under pressure whilst the engine starting 
lever is in its neutral or stop position (Position II, Fig. 200, p. 142). Large 
leaks make themselves heard at once, and smaller ones may be discovered 
by pouring a little oil over any suspected point, when any leak makes itself 
apparent by the formation of bubbles. 

If the air compressor receiver is provided with a pressure gauge, and the 
shut-off valve on the pipe leading from the air compressor to the air reservoirs 
be opened, the H.P. delivery valve is tested for tightness, since if the gauge 
should rise, it may be inferred that the H.P. delivery valve is not perfectly 
tight and is passing a certain quantity of air. 

When an engine has been completely erected, the foregoing tests should 
be carried out, and are generally sufl&cient if the engine has previously been 
run, but in the case of a new engine, the following tuning-up trials must in 
addition be carried out. 

* The smallest quantity "f water in the cylinder diminishes the available compres- 
sion voluTne f r the air at th** end of >he compre^^sion stroke, and may be the cause of 
exceed! •i(/ly high cylinder pres^ure8, giving ri^e to dangerous stresses in the cylinder 
head and the piston. 
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The condition of an engine about to be started for the first time requires 
careful inspection to ensure that it is provided with all the necessary 
mechanism for its work ; even then it may not be definitely known whether 
the simultaneous working of these various parts will be so harmonious as to 
make it run. 




Fig. 368. — Indicator Gear worked from the Main Piston. 

During the first few revolutions^ those responsible for running the engine 
should pay the strictest attention to the working parts ; it is quite un- 
necessary to be concerned as to whether ignition is taking place regularly 
or as to the condition of the exhaust, since during the first few revolutions 
the probability of the main bearings heating up and the pistons seizing is 
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greatest. The governor, which may be stifP and irregular, should be carefully 
watched to ascertain that it does not permit of the speed of revolution 
exceeding the maximum; in fact, it is preferable to run the engine for a 
short time at a slow speed. 

After a few minutes' running, it is generally necessary to stop the engine 
to remedy those defects which are already apparent, after which the engine 
may be started again and allowed to run light for an hour or so until all the 
bearings are run in. "*• 

After this it may be gradually loaded by any of the ordinary systems 
of brakes suitable for the power desired,* and the condition of the pistons. 




Fig. 369. — ^Indicator Gear Crank Clamped to Cmok Shaft. 

which heat up with increased load, should be ascertained by applying the 
ear to the engine framing ; if dull knocks are heard, the engine should be 



* A dynamo is exceptionally suitable for use as the brake against which the Diesel 
engine is to be run, provided that its efficiency is known and that the switchboard 
instruments are reliable. 

The Prony brake is the simplest and most economical power-measuring apparatus, 
and is well adapted for powers up to 100 B.H.P., although, in the hands of experts, 
300 B.H.P. may be absorbed by this type of apparatus. For high powers the Froude 
dynamometer is most widely adopted. 
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immediately stopped and the piston withdrawn for examination to find out 
whether seizing has commenc^. With Diesel engines it is found that this 
knocking only precedes piston seizure by a few moments.* 

When the engine is fully loaded the tuning-up trials are commenced 
and indicator diagrams are taken to ascertain the valve settings, etc. Almost 
all Diesel engines are provided with indicator gear which may be worked 
from the main piston (Fig. 368), or from special eccentrics fitted to the inter- 
mediate vertical shaft (Tosi), or on the cam shaft for two-cycle engines. 

Many other types of arrangements may be adopted, which perhi^ give 
simpler mechanism but less accurate diagrams, as, for example, a three- 
arm clamp carrying a small crank which may be fitted to the end of the 
crank shaft and adjusted by the eye to be in line with the crank of 
the cylinder from which it is desired to take the indicator diagrams 
(Pig. 369). 

If a small tapped hole is provided in one end of the crank shaft, the 
indicator crank may be held as shown in Fig. 370. 

With slow-running Diesel engines, the indicator diagrams may be worked 
out to obtain the indicated H.P., and the mechanical efficiency is known by 
comparing the figure so obtained with the B.H.P. as obtained at the brake ; 
but with high-speed engines the vibrations of the indicator cord, especially 




Fig. 370. —A Method of Fitting Indioator Gear Ciank to Engine Crank Shaft 

if a long cord is used, and the influence of the momentum of the moving 
parts of the indicator, are such that the result obtained by working out the 
diagram is hardly reliable, and is often omitted. 

In the tuning-up trials of both slow- and high-speed engines, indicator 
diagrams play a most important part, since they are the best means of re- 
vealing any defect in the engine, and if care be taken not to allow the pencil 
to draw the diagram of more than one complete cycle, an accurate interpreta- 
tion is relatively simple. 

Sometimes diagrams are irregular, due to defective indicators, and Fig. 
371 gives an example of a diagram where the indicator cord is too long and 
the indicator drum comes against its stop before the end of the engine 
stroke, whereas in Fig. 372 a diagram is shown in which the cord is too 
short. 

If the indicator piston is working stiffly, due to dirt or lack of lubrication. 



* Cylinders and pistons, however well machined, are never truly cylindrical, and 
when, during or after shop trials, the engine is dismantled, the pistons can be filed with 
a large smooth file where the most polished surfaces show the greatest wear to have 
taken place. 
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jerky movement of the pencil is caused, and a diagram similar to that shown 
in Vig. 373 may be obtained. 

For high-speed engines (500 to 600 revolutions per minute), unless special 
indicators be jused, the curves are generally made up of wavy lines, smular 
to those obtained when the vibration of the indicator cord is excessive (Fig. 
374). 





Fig. 37L 



Fig. 372. 





Fig. 373. 



Fig. 374. 



Figs. 371 to 374. — ^DiagmmB illustrating Lrregularitiea due to 

Defective Indicator or Gear. 



The operations of t\ming-up a Diesel oil engine may be classified as 
follows : — 

(a) Checking and adjusting the compression pressure. 

(b) Checking the timing of the valve gear. 

(c) Adjustment of the fuel injection valve. 

(d) Adjustment of the governor. 

(e) Regulation of the fuel injection pump. 

(a) The value of the final compression pressure is arrived at by taking 
an indicator diagram from the engine when it is hot and with the fuel injection 
pump and fuel injection air supply shut o£E, and whilst it is still running 
under the influence of the flywheel. The scale of the indicator spring being 
known, the highest point of the curve of the diagram will give the maximum 
pressure reached. 

It might seem that in this diagram the curves of expansion and compres- 
sion ought to be superimposed. In practice this never happens, owing to 
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the exchanges of heat which take place between the cylinder walls and the 
air in the cylinder.* 

The final value of the compression pressure varies from 29 to 35 atmo- 
spheres (410 to 500 lbs. per square inch) according to the makers of the engine, 
and in two-cycle engines even reaches 36 atmospheres (510 lbs. per square 
inch). 

In any case, if the pressure obtained from the diagram taken in the manner 
just described should, owing to some fault in erecting, be difEerent from that 
desired,! it will be necessary to correct it by filing the feet of the frames 
to increase the pressure, or by taking a thin cut ofE the crown of the piston 
in the lathe if it is required to lower the pressure. When connecting-rods 
of the form shown in Figs. 116 and 117 (p. 98) are adopted, the same 
efEects may be obtained with less trouble by fitting or removing thin liners 
between the rod and the bottom end brasses. 

Contractors usually provide tables indicating by how many tenths of a 
millimetre it is necessary to alter the distance between the piston crown 
and the cylinder head in order to obtain a given variation of the maximum 
compression pressure. 

All the same it is unusual, in an engine constructed by a good firm, to 
have to modify the compression during the trials, for with accurate work- 
manship the results aimed at axe almost always obtained immediately. 

(b) To check the valve settings, it is sufficient to turn the engine by 
hand and ascertain by means of a spirit level, adjustable to any angle, held 
against the crank arm, whether the opening and closing of the valves take 
place at the desired angle. The angle during which a valve is considered 
to be open is that through which the crank shaft turns from the moment 
the roller of the valve lever comes in contact with its cam to the moment 
when this contact ceases. 

The indicator diagram also shows whether the valve settings, especially 
the entry of the fuel and the exhaust, are properly adjusted. Regarding 
the first, mention will be made when treating of the adjustment of the fuel 

* Leaky valves or piston might also be the cause of the curves not being super- 
imposed. A leaky piston may be easily detected, however, by the sound, which is like 
a sneeze, and is shown by the normal diagram of the engine assumiog the form 
indicated in Fig. 375. 




Fig. 375. — Diagram giving evidence of Leaky Valves or Piston. 

t Dealing, as is the case, with very high pressures, a difference of a few thousandths 
of an inch in the distance between the piston crown at the dead centre and the cylinder 
head produces an appreciable difference in the value of the maximum compression 
pressure. 



296 



LAND AND MARINE DIESEL ENGINES. 



injection valve ; with regard to the exhaust, if this commences too late the 
diagram will assume the shape shown in Fig. 377, whilst if it is too early 
the indicator card will be similar to Rg. 376. 

(c) The adjustment of the fuel injection valve is the most difficult, delicate 
and important part of the regulation of a Diesel engine. 

There are two functions which this valve has to fulfil ; that of suitably 
timing the entry of the fuel into the cylinder, and that of insuring that the 
entry shall take place in such a way that combustion may occur practically 
at constant pressure. 

If the opening of the fuel injection valve conmiences too soon the diagram 





Fig. 376. Fig. 377. 

Figs. 376 and 377. — ^Diagrams illustrating Bad Timing of Exhaust. 

assumes the appearance of that shown in Fig. 378, whilst if the opening is 
too late the diagram will have the form shown in Fig. 379. 

The similarity of the two forms may allow some doubt as to the nature 
of the defect, but all uncertainty may be eliminated by comparing the diagram 
with that of the compression, obtained, as previously described, with the 
engine running under the momentum of the flywheel, and with the fuel 
injection valves shut off. 

If the maximum pressure obtained from the diagram under examination 





Fig. 378. Fig. 379. 

Figs. 378 and 379. — Diagrams illustrating Bad Timing of Fuel Injection. 

is greater than that of the compression, the injection of the fuel is too early. 
If the maximum pressure is equal to that of compression and the diagram 
continues at a lower pressure the injection of the fuel is late. 

Moreover, too early injection is almost always accompanied by knocking 
at the moment of ignition. 

To correct either of these defects it is sufficient to move slightly the 
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point of the fuel injection valve cam, an operation rendered easy by its 
construction (Fig. 217, p. 157). 

Small corrections may be obtained by adjusting the clearance between 
the cam and the roller of the lever by means of the adjusting screw, without, 
however, making the clearance so small as to keep the roller in continuous 
contact with the cani, or making it so great that the lift of the valve becomes 
too small or occurs with a jerk. 

The diagrams for adjustment of the fuel injection valve should be 
taken whilst the engine is working at full load or overload, as in these 
conditions the diagram is always clearer and more regular. To determine 
the instant of the injection of the fuel it is necessary, moreover, to wait 
until the engine is well warmed up, since on starting the engine diagrams 
frequently show a slight retardation, which, after the engine has run for 
some time, may disappear, since the fuel then becomes more fluid and the 
temperature of the combustion chamber rises. 

The factors influencing the adjustment of the fuel injection valve, as 
regards its function of introducing the fuel so that combustion shall take 
place at constant pressure, are the following : — The pressure of the injection 
€ur ; the diameter of the hole in the steel washer (Fig. 184, p. 132) ; the 




Fig. 380. — Diagram showing Falling off of Pressure during Injection owing to 

Low Injection Air Pressure. 

number of the perforated rings : and the number and the diameters of the 
holes in them. It is only by trying several combinations of these factors, and 
with much patience and practice, that it is possible to obtain good results. 

It is necessary, however, not to make the diameter of the holes too 
great nor the fuel injection air pressure too high, lest the consumption of 
compressed air should be excessive or the reserve output of the compressor 
reduced. 

Even with diagrams of the form represented in Fig. 380, which often do 
not require a great expenditure of air, it is possible to obtain small consump- 
tions of fuel and a smokeless exhaust. 

The fuel injection air pressure required to obtain a good diagram varies 
with the load, but depends also upon the design and construction of the fuel 
injection valve. There are engines which may be run at overload with a 
fuel injection air pressure of 60 atmospheres (850 lbs. per square inch), whilst 
others require 76 or even 80 atmospheres (1,000 or 1,150 lbs. per square 
inch). 

Frequently, with engines that have already been tuned-up, the presence 
of smoke in the exhaust may be attributed to a disproportion between the 
injection air pressure and the load. If the pressure is too low the smoke is 
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black, if too high, it is frequently whitish, and the ignition is accompanied 
by knocks — sinular to those produced by premature ignition.* 

High-speed engines require higher injection air pressures, and sometimes 
also a longer period of injection than do slow-running ones ; with the former 
it is almost impossible to obtain a perfectly clear, colourless exhaust. This 
will be understood on considering now extremely short is the time during 
which the phase of combustion has to take place, a period which frequently 
does not reach 100th of a second. 

With engines of the two-stroke cycle, it is also very difficult to obtain 
a smokeless exhaust, even if combustion inside the cylinder is good. The 
smoke in this case is to be attributed to lubricating oil escaping from the 
exhaust ports into the exhaust pipe, where it volatilises and decomposes on 
contact with the hot walls and with the high temperature gases of exhaust. 

Not only are the quantity and the colour of the smoke most important 
symptoms of the manner in which combustion is taking place, but another 
indication is also furnished by the lower part of the piston which overruns 
the cylinder at the lower dead centre ; if the combustion is good this part 
remains bright and clean ; it becomes black and dirty with burnt oil if the 
combustion is bad. 

(d) The first problem of the regulation of the governing mechanism is 
that of adjusting the revolutions to the number required. For this purpose 
it is sufficient to count the number of revolutions per minute t when the 
engine is under normal load, and to slacken or tighten the spring of the 
governor according to whether it is desired to reduce or increase the speed. 

With the variation of load the speed should vary slightly; between 
running at full load and running light, the difference of speed should not be 
greater than about 4 per cent. 

To judge of the quickness of action of the governor, it is sufficient to 
observe the variations of a tachometer driven by the engine crank shaft 
during a sudden alteration of load. With new engines the governor gear 
is always stiffer than with those which have been running for some time» 
on which account results may be accepted on the test bed, which during 
normal running would not be altogether satisfactory. 

The oil brake (dashpot), which is always fitted to the governor, ought 
to be so adjusted as not to interfere with the quick action of the latter, whilst 
at the same time preventing it from oscillating continuously, or hunting. 

Some engines, especially those for central power stations and high-power 
marine engines, are provided with a safety governor, which operates when 
the speed exceeds a certain number of revolutions, stopping the engine at 
once. The adjustment of this governor is also quite simple, the tension of 
its spring being increased or decreased until it is found to operate at the 
desired speed of revolution. 

(e) The fuel injection pump is always provided with mechanism which 
permits variation of the delivery to correspond to any given position of the 



* On p. 226 is described the apparatus employed with high -power two-cycle engines 
for automatically varying the fuel injection air pressure according to the variation of 
the load. 

t When counting the revolutions it should be remembered to start at "nothing"; 
by commencing with *'one,'' the result for the minute would be one greater than the 
real number of revolutions. 
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governor. For pumps of the type shown in Fig. 274 (p. 197) this mechanism 
is as described on p. 200 (Fig. 277), whilst for those of other types it may 
be reduced to a means for lengthening or shortening the link connecting the 
governor to the distributing mechanism of the pump. 

In adjusting the fuel injection pump, the delivery is at first arranged to 
be excessive, and then reduced little by little, keeping the engine at overload 
until the collar of the governor descends almost to its lowest position. It 
is evident that at lower powers the governor collar will be raised higher 
and the delivery of the pump will diminish as described in Chapter XII. 

With multi-cylinder engines, each cylinder should develop the same 
power. This condition is very important, since if it is not satisfied it may 
happen when running at high power that one of the cylinders, doing more 
than its share of the work, may be overloaded, and consequently be damaged. 

In order that the difEerent cylinders should work at equal powers, they 
must be supplied with equal quantities of fuel. For this reason, with engines 
having a single fuel injection pump and a diaphragm distributor, it is neces- 
sary to calibrate the holes of these diaphragms as mentioned on p. 206, 
so as to compensate for the different losses of pressure caused by the different 
lengths of piping leading to the various fuel injection valves ; with engines 
having an independent pump for each cylinder it is necessary that the pumps 
should all have the same ddivery. 

In both cases the adjustment may be made thus : — ^The engine is run 
at a light load with only one cylinder firing, and the position assumed by the 
governor in this condition is marked. Then this cylinder is shut off and another 
started up, and its power so adjusted that the governor assumes the position 
which it had when the first cylinder was working. When this is done in 
the case of all the cylinders of the engine, the power will be the same in 
each. Then starting up all the cylinders together, and overloading the 
engine, it will be seen whether the total delivery of the fuel injection 
valves is correct, controlling the position of the governor as described for 
single-cylinder engines. 

Bench Trials. — ^The indispensable trials on the test bench for a Diesel 
engine are : — 

(a) The trial at normal power. 

(h) The trial at maximum guaranteed power. 

(c) The fuel consumption trial. 

If it is wished to make more exhaustive trials, the following may also be 
determined : — 

(d) The mechanical efficiency — separating the real mechanical efficiency 
from the work absorbed by the compressor. 

(e) The distribution of the heat losses. 

(a and h) With engines of not very great power and almost always in the 
case of those for industrial purposes, by the normal and maximum guaranteed 
powers are intended brake horse-power. 

Only for very large marine engines is the contract sometimes made for 
the indicated horse-power. 

The number of B.H.P. given by the engine is determined by one or other 
of the usual methods of braking, provided it is suitable to the power. 

To ensure that a trial at normal power may give reliable results it should 
be of long duration. 
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Time is necessaiy that the heat may spiead throughout the engine, and 
that the various parts may reach the temperatures they will have imder 
conditions of continuous running. It must not be assumed that an engine 
which develops a given power for two or ten minutes can do so for two 
hours, and still less for five or six. 

Since it is not always possible to Rnd a plausible technical explanation 
for the fact that some part has worked satisfactorily, perhaps for a whole 
day, or even for a month, and breaks or gives out after another hour's running, 
there is the temptation to say that the engine becomes tired. 

Hence, for an important plant and for a high-powered engine, the trial 
cannot ever be too long, and it is not unreasonable for the purchaser of an 
engine to stipulate for a continuous trial of 24 hours or more. 

For the same reasons, on the other hand, if the maximum power is guar- 
anteed as temporary, it is not fair to insist on the engine developing it for 
too long a period. If after running for an hour or two at overload a piston 
should seize or a bearing become overheated, it would be the fault of the 
person responsible for the engine being run in this way, even if during the 
first ten minutes the engine developed the power with the greatest ease. 

During the trials the revolutions should be noted regularly and diagrams 
taken periodically. 

If, having regard to the speed of the engine and the reliability of the 
indicator adopted, it is thought that the results of working out the diagrams 
may be trustworthy, it is as well to calculate the indicated horse-power 
and the gross mechanical efficiency.* 

(o) The fuel consumption trial ought to last at least one hour, better 
still two, for if a shorter time is taken the inaccuracies of measurements 
have too great an influence on the correctness of the results. 

The usual procedure is as follows : — ^At the commencement of the trial 
the fuel reservoir is filled to a certain level, which is accurately marked, 
and at the end of the trial the fuel necessary to bring the level in the reservoir 
to the original mark is weighed. 

Then the total weight of fuel used is divided by the B.H.P. developed, 
and by the duration of the trials in hours, to obtain the consumption per 
B.H.P.-hour. 

(d) To obtain the net mechanical efficiency, it is only necessary to take 
into account the indicated H.P. absorbed by the compressor. 

B.H.P. 
** I.H.P. — I.H.P. of compressor* 

The required power of the compressor is obtained by integrating the 
diagrams of all its stages. 

For a two-stage compressor having the diameter of the H.P. piston = d, 
and that of the L.P. = D, and the common stroke S. 

j<^ X p« X S X w ^D^ X P,„ X S X n 

^^ "^ 75~X 60 ' 75x 60 ' 

Nfc = 1-743 S X n (p^ X (P + P„, X D^). 

* By ffroas mechanical efficiency is meant that including the power absorbed by 
compressor or compressors. The net efficiency, on the other hand, is that when the 
work of the compressors is taken into consideration separately. 
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In this last formula the pressures are in kgs. per sq. cm. and the dimen- 
sions in metres. 

(e) The thermal efficiency of the engine is obtained as stated on p. 53 
from the formula 

N 

' P X A 

The heat losses are divided into — ^heat absorbed by friction, radiation, 
imperfect combustion, and by cooling water, and contained in exhaust gases. 

The heat absorbed by friction can be evaluated when the net mechanical 
efficiency is known. It is given in calories by — 

Ka per cent. = p-^- 

The heat absorbed by the cooling water may be ascertained by measuring 
the quantity of water used per hour either by means of a meter or by collecting 
the water discharged from the jackets in a measuring tank, and taking its 
temperatures t, when leaving, and t^, before entering the engine, then : — 

K^ per cent. = pT^- 

Where G is the cooling water used per B.H.P.-hour. 

To calculate the heat lost in the exhaust gas, a sample of these should 
be taken and analysed to measure the quantity of 002 contained therein ; 
the carbon and hydrogen contained in the fuel must be ascertained and the 
temperatures of the suction air and the exhaust gas taken.* 

The calories lost per kg. of fuel are obtained from : — 

in which — 

C = the percentage of carbon contained in the fuel. 
H = the percentage of hydrogen contained in the fuel. 

k = the percentage of CO2 in the exhaust gas. 

T = the temperature, C°, of the exhaust gas taken close to the exhaust 
valve. 

t = the temperature, 0°, of the suction air. 

The percentage of heat lost in the exhaust is given by : — 

K, per cent. = =i — W. 
'^ P X A 

The heat losses through radiation, imperfect combustion, etc., are taken 
together, and are generally considered to be the difference between 100 
and the sum of the other percentages calculated. 



* Franz Seufert, VersttcJie an Damp/maachinen, Damp/kesaeln, Dampfturbineny und 
Dtesdmaschinen, 3rd edition, Berlin, Springer, 1913. 
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CONVERSION TABLE FOR BRITISH AND METRICAL 

MEASURES. 



(Closblt Approximate.) 



Metric to British. 



British to Metric. 



Length — 

1 m. = 3-28 feet = 39-37 inches. 



1 cm. = 0-3937 inch = 
1 mm. = 0-03937 inch = 



I 



2-54 



1 



25 4 



inch, 
inch. 



Arra— 

1 m.2 = 1,650 sq. in. = 10'76 sq. ft. 
I cm.^ = 0*155 sq. in. 
1 mm.2 = 0-00155 sq. in. 

Volume — 

1 litre = 1,000 c.c. 

= 003531 cub. ft. = 0-22 gal. 

Weight— 

Igrm. - 00-2205 lb. 
1 kg. = 1,000 grms. == 2 205 lbs. 

= 0009842 ton. 

Pressure— 

1 atmosphere^ J ^ ^^„^ j^^ ^^ ^^ .^^^ 



1 kg. per cm 
1 kg. per mm.' 



Temperature — 



= 1,422 lbs. per sq. inch. 
= 0*634 ton per sq. inch. 



1 C. = ^ (° F. - 32''). 

Enercjy — 

1 kg. m. =7-233 ft. -lbs. 

Power — 
4,56-2 kg. m. per min. = 33,000 ft. -lbs. per miu. 

(one H.P.) 
76 kg. m. per sec. = 550 ft. -lbs. per sec. 

^Ifat 

' 1 calorie = 3-97 B.Th.U. 

Power and Heat — 

. One H.P. = 4'2'3 B.Th.U. per. min. 

= lO'GS cals. per min. 
One H.P. per hour = 2,540 B.Th.U. per hour 

= 64 i cals. per hour. 

Electrical Units — 

1 E.H.P. = 746 watts = 0746 kw. 
1 kw. = 1-.) B.H.P. (roughly.) 



1 inch = 25*4 mm. 



1 sq. inch = 6*45 cm.' 



1 cub. ft. = 28*316 litres 
= 6*229 gals. 



1 lb. = 454 grms. 



I lb. per sq. in. = 0*07031 atmos. 

= 0*07031 kg. 
per cm.' 



r F. = ^ ''C. + 32^ 
o 



1 ft. -lb. = 01382 kg. m. 



1 British H.P. = 1*01385 Metric 

H.P. 



1 B.Th.U. - 0*252 calorie. 
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Accessories to engine, 255» 256. 
Actual efficiencies, 63. 

Actuating gear for cylinder head valves 
(Carels type), 143-145. 

(Sulzer system), 145, 

Actuating gears for two-cycle engines, 145- 
147. 

valve gears, 140-161. 

shaft, 141. 

Adjustment of fuel injection pump, 298, 

299. 
valve, 297, 298. 



governor, 298. 



Bed plates, 74-78. 

Bench trials, 290-301. 

Specification of, 299, 300. 

Bevis reversible propeller, 191, 192. 

Boiler, Auxiliary, 263, 268. 

Donkey, 22. 

Bore stroke ratio, 66, 67. 

Bottles, air. Rules for construction of, 277, 
278. 

for compressed air, 238-243. 

Capacity of, 242, 243. 

Brackets for cam-shaft, 150, 151. 
' Brake thermal efficiency, 53, 63. 
, Brakes for absorbing power, 292. * 

I Brasses, Connecting-rod, 99. 

British Corporation for the Survey and 
Registiy of Shipping Rules, 282-287. 

" Bunkering '* with marine Diesel engines, 
18, 19. 



Aftercoolers, 231, 232. 

Air auxiliaries with oil-engined ships, 22. 

compressor auxiliary, 267, 268. 

coolers, 231, 232. 

• cooling of pistons, 106. 

fuel injection, I^ressure of, 297, 298. 

receivers. Rules for construction of, | Bushes, Main bearing, 74-78. 

277, 278. 

reservoirs or bottles, 238-243. 

sUrting valve, 128-130. 

actuating gear, 141, 142. 

(Lietzenmeyer tvpe), 136. 

137. 



Calculations for cylinder diameter and 

stroke, 66-73. 
heads, 122-126. 



Application of land Diesel engines, 5-7. 
Arrangement of compressed air bottles, 238- 
241. 

compressors on engine, 223-226. 

engine-room on board ship, 263. 

fuel injection pumps, 207, 208. 

Auxiliaries on board ship, 263-271. 

Diesel-engined ships, 22, 23. 




to main engine, 264-267. 



Auxiliary air compressor, 267, 268. 

boiler, 22. 

Diesel engmes, 269, 270. 



Balance weights of crank-shafts, 94. 
Balancing, 94. 

compressor and scaventpng pump, 95. 

reciprocating masses, 94, 95. 

Bearing surface of thrust blocks, 98. 
Bearings, bushes, 74-78. 

cam-shaft, 150-152. 

main crank and gudgeon pins. Lubri- 
cation of, 95-97. 



of compressors, 232-238. 

crank-shafts, 96-98, 

efficiencies, 300, 301. 

relating to fuel injection pumps, 208- 

220. ^ 

Cam, Polarsinoid, 155. 

Profiles of, 154-157. 

Cams, driving valves in cylinder head, 143, 

144. 

for fuel injection valve, 152, 153. 

Cam-shaft, 150-152. 

Bearings of, 150-152. 

brackets, 160, 151. 

Helical gear for driving, 150. 

Capacity of air bottles, 242, 243. 

cooling water pump, 262. 

scavenging pump, 245, 246. 

Carels reversing gear, 172, 173. 

type of valve actuating gear, 146. 

Cargo winches, 22, 263. 

Classification of heavy oil-engined ships, 

2529, 274-287. 
Cleaning of pistons. 111. 
Clearances of piston, 102. 
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dearanoes of valve rollers, 147, 155. 

Coal-dust engine, 55. 

Colour of engine exhaust and indications 
therefrom, 297, 298. 

Combustion, Theory of, for internal com- 
bustion engines, 50. . 

Comparative efficiency of Diesel and othei 
engines, 58. 

Compressed air reservoirs or bottles, 238- 
243. 

Compression and expansion. Theory of, 
for internal combustion engines, 50-52. 

Compression relieving device, 154. 

pressure, 294, 296. 

two-cycle engines, 38. 

Variation of, 99. 

temperature, influence on efficiencies, 

58. 

Compressor, Auxiliary air, 267, 268. 

arrangement on engine, 223-226. 

Balance of, 95. 

Bracket for supporting, 82, 83. 

C€ilculations, 232-238. 

delivery, Regulation of, 288, 289. 

dimensions. Examples of, 237, 238. 

Drive of, 223-226. 

Driving links of, 79. 

piston lubrication, 231. 

regulation of output, 226, 227. 

Three-stage, 230. 

valves, 231. 

Disposition of, 227, 228. 

Connecting-rods, 99-102. 

Length of, 99, 100. 

Thrust due to obliquity of, 108, 

109. 

Conversion table, 302. 

Consumption of cooling water, 8. 

fuel oil, 8, 9, 300. 

water with suction gas producers, 

3,4. 

Coolers for air, 231, 232. 

Cooling of cyhnder head, 120. 

jacket, 83, 84, 86. 



piston, 95, 96. 

by water, 105, 106. 



water. Consumption of, 8. 

of cylinder, 67. 

piping and regulation, 260-262. 

Utilisation of heat given to, 6. 

Costs for maintenance, etc., 8, 9. 
Crank cases, marine engines, 86, 87. 
Crank pin. Lubrication of, 95-97. 
Crank-shafts, 92-117. 

Balance weights for, 94. 

Calculations of, 96-98. 

Forging of, 92, 93. 

Rules for, 275, 276, 282-284. 

Crossheads, 100, 101. 

guides. 111. 

slippers. 111. 

Crown of piston, 102-105. 



Cycle, four-stroke. Definition of, 26. 

two , 26, 27. 

Cycles, Thermodynamic, 46, 52. 
Cylinder, Calculations of diameter and 
stroke, 66-73. 

head. 118-126. 

Calculations for, 122-126. 

Cooling of, 120. 

Dimensions of, 120. 

for marine engines, 122. 

Lifting, 111. 

material, 118. 

valves. Removal of, 148. 

jackets. Cooling of, 83, 84, 86. 

removal of head, 83. 

valves, 126-139. 

walls. Cooling of, 67. 



Cylinders, 88-91. 



Defects of indicators, 293, 294. 
Definition of four-stroke cycle, 26. 

two , 26, 27. 

Degree of irregularity of flywheels, 116, 117. 
Dehveiy of compressors. Regulation of, 

288, 289. 
Del Pix>posto electric reversing system, 188, 

190. 
Deposit in water spaces of cylinder head, 

120. 
Depreciation costs, 8, 9. 
Development of the Diesel engine, 54-56. 
Diagrams from indicators, 294-296. 

of valve settings, 167-161. 

Diameter of cylinder, Calculations for, 66- 

73. 

head valves. Determination 

of, 128. 
Diesel engines driving auxiliaries, 269, 270. 

four-cycle, General description 

of, 32-34. 

two-cycle, General description of, 

34-42. 
Diesel's first engine, 54-56. 
Dimensions of cylinder head, 120. 

suitable engine-room per B.H.P., 

247-249. 
Dingier type of fuel injection valve, 138, 

139. 
Disposition of compressor valves, 227, 228. 
Double-acting engines, 46. 
Double-port scavenging (Sulzer system), 37. 
Drive of main engine compressors, 223-226. 

for indicators, 293. 

Duty on fuel oils, 25. 
Dynamos for ship's use, 263. 



Eccentrics, valve actuating gear, 140. 
Economy of fuel with Diesel engines, 12, 13. 

marine Diesel engines, 

19,20. 
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Eoonomy of spaoe with marine Diesel 

engines, 15-18. 
Effective pressure, Mean figure f()r, 66-73. 
Efficiencies, Actual ficrures of, 63. 

Calculation of, 300, 301. 

of Diesel and other engines compared, 

68. 

internal combustion engines, 63- 

65. 



I Four-cycle reversing gears, 162-168. 

stroke cycle. Definition of, 26. 

Framing of engines, 79-88. 

marine engines, 86-92. 

Fuel consumption, 300. 

economy with Diesel engines, 12, 13. 

marine Dies^ engines, 19, 

20. 



Mechanical, 66. 



Electrical reversing system, 188, 190. 
Engine accessories, 255, 256. 

framing, 79-88. 

piping, 266-262. 

room, 247-249. 

arrangement on board ship, 263. 

dimensions, 247-249. 

personnel with Diesel engines, 

14, 16. 



trials on test bench, 290-301. 



injection air bottles, 238-243. 

I pressure, 132, 133, 297, 298. 

r pumps, 194-222. 

I Adjustment of, 298, 299. 

Arrangement and grouping 

of, 207, 208. 

Calculations relating to, 

208-220. 

details of horizontal type, 

202-206. 

of vertical type, 198- 

201. 



Entropy as an aid for determining effi- 
ciencies, 59-63. 

Erection of engine, 256. 

Examination of engines periodically, 289. 

Examples of calculations of cylinder 
dimensions, 68-70. 

compressor dimensions, 237, 

238. 

Exhaust and scavenging of two-cycle 
engines. Theory of, 49. 

Colour of, with indications therefrom, 

297, 298. 

of four-cycle engines. Theory of, 47, 

48. 

gases. Calculation of heat lost in, 63. 

of oil engines installed in ships, 21, 22. 

piping, 268. 

valve levers,- 147-149. 

Expansion, Theory of, for internal oom- 
^istion engines, 60-52. 

Explosion engines, four-cycle (semi-Diesel), 
Description of, 29-31. 

two-cycle (semi-Diesel), Descrip- 
tion of, 31, 32. 

. working on heavy oil, 2. 



Fiat, reversing gear, 173-176. 
Fixing of gudgeon pin to piston, 102. 
Flywheels, 116-117. 

degree of irregularity in practice, 116, 

117. 
Forced lubrication, 77, 78. 
Forging of crank-shafts, 92, 93. 
Fdttinger transformer .for reversing, 190, 

191. 
Foundations of engines, material and size, 

249-265. 
Four-cycle Diesel engines, General descrip- 
tion of, 32-34. 

explosion engines (semi-Diesel), 

Description of, 29-31. 



for marine engines, 220, 221. 

Greneral princi|^es of, 194- 

198. 

valves, 130-139. 

actuating gear, 141, 142. 

-: ' Adjustment of, 297, 298. 

cams, 152, 163. 

(Dingier type), 138, 139. 

(Hesselman tjrpe), 136. 

levers, 149, 150. 

(Lietzenmeyer type), 136. 

(Sabath6 type), 138, 139. 

Sabathd variable Uft gear, 

138. 

(Sulzer type), 134, 136. 

Variable lift gear for, 133. 

Variable lift gear for (Sulzer 

system), 153. 

— oil. Consumption of, 89. 

Duty on, 26. 

Price of, 25. 

— oils, suitable for Diesel engines, 24, 

26. 

— piping, 268, 269. 

— regulation, 194-222. 

— reservoirs, 269, 260. 

— unions, 133. 

— vapourisation, 26. 

Fuelling " with marine Diesel engines, 
18, 19. 



Qas engines, 3, 4. 

Gear for lifting piston, 266, 266. 

turning engines by hand, 266. 



C( 



Gearing, Helical, driving cam-shaft, 160. 
Gears, Reversing, 162-188. 

Valve actuating, 140-161. 



Governor adjustment, 298. 

Isochronous, 222. 

Safety, 221, 222. 



Gratings and ladders, 266. 
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Gudgeon pins, Lubrication of, 95-97, 114, 
115. 

method of fixing in piston, 102. 

position in piston, 109. 

Guides of crosshead. 111. 



Half-compression device, 154. 
Hand turning gear, 116, 256. 
Head, Cvlinder, 118-126. 

— Calculations for, 122-126. 

Ckx>lJng of, 120. 

Dimensions of, 120. 

Liftihg of, 111. 

of marine engines, 122. 

Material of, 118. 

Removal of, 83. 

valves, 126-139. 

Heat lost in exhaust gasee. Calculation of, 

63. 
Heavy oil engines. Classification of, 25-29. 

explosion engines, 2. 

Height above sea-level, influence on power, 

7. 
Helical gearing driving cam-shaft, 150. 
Hesselman type of fuel injection valve, 

136. 
Horizontal Diesel engines. Description of, 

42-45. 
Hydrauhc reversing system, 190-191. 



Indicated thermal efiiciency, 53-63. 
Indicator defects, 293, 294. 

diagrams, 294-296. 

drive, 293. 

driving gear, 79. 

Influence of local conditions on choice of 

prime mover, 1.' 
Injection air bottles, 238-243. 

Pressure of, 132, 133. 

unions, 133. 

fuel pump, 194-222. 

Calculations relating to, 208- 

220. 
General principles of, 194- 

198. 



valves, 130-139. 



Inspection of piston. Removal for, 111-114. 
Installation of Diesel machinery on board 

ship, 263-274. 
Inter-coolers, 231, 232. 
Internal combustion engines, RohabilJty 

of, 1, 2. 
Irregularity, Degree of, for flywheels, 116, 

117. 
Isochronous governor, 222. 



Jackets, Cylinder, 83-86. 

Junkers' engine. Description of, 39-42. 

reversing gear, 176, 176. 



Junkers' scavenging pumps, 244, 245. 
system for obtaining overload, 57. 



Kolomna reversing gear, 164. 
Korting reversing gear, 176-178. 



Ladders and gratings, 255. 
Land Diesel engines, Application of, 5-7. 
Lenoir cycle, 27. 

Levers actuating valves, 147-150. 
Lietzenmeyer type of fuel injection valve, 

136, 137. 

starting air valve, 136, 

137. 
Lifting arrangements for piston, 102. 

cylinder head. 111. 

gear for pistons, 255, 256. 

Liners, Cylinder, 88-91. 

Thickness of, 91. 

Lloyd's Register of Shipping, Rules of, 274- 

282. 
Local conditions. Influence of, on choice of 

prime mover, 1. 
Lubrication of compressor pistons, 231. 

Forced, to main bearuigs, 77, 78. 

of main bearings, 74-78. 

crank pins and gud- 
geon pins, 95-97. 
Lubrication of pistons and gudgeon pins, 

79, 114, 115. 



Main bearing bushes, 74-78. 

engine auxilaries, 264-267. 

Maintenance costs, 8, 9. 

M.A.N, four-cycle reversing gear, 165, 166. 

two , 178-180. 

Manoeuvring and reversing gear (Polar), 
180-182. 

Marine auxiliaries, 263-271. 

Diesel engines, general considerations, 

10-23. 

numbers built, 10. 

engine crank cases, 86, 87. 

cylinder heads, 122. 

framii^, 86-92. 

engines, cylmder dimensions, Table of, 

72, 73. 

Fuel injection pumps and regula- 
tion of, 220, 221. 
general considerations, 45. 



installations, 263-274. 

Marshall's valve gear aa applied to oil 

engine reversing gears, 167, 168. 
Material of cylinder head, 118. 

for engine foundations, 251, 252. 

Maudslay thrust blocks, 79, 98. 
Maximum power, 300. 
Mean effective pressure, 66-73. 
Mechanical efficiency, 53, 54, 66. 
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Mechanical reyeraing gear, apart trom the 

main engines, 188. 
Meissner reversible propeller, 192, 193. 
Meyer, method of dealing with scaven^ring 

efficiency, 65. 
Moments, Bending, etc., in cylinder head 

structures, 124-126. 
M.V. " Monte Penedo " reversincr gear, 

184-186. 



Nobel reversing gear, 165. 

Number of marine Dics(4 enjipnos built, 10. 



Obliquity ef connecting-rod, Thnist due to, 

108, 109. 
Off -set valves in cylinder head, 1 19. 
Off -setting of cylinder centres, 110, 111. 
Oil cooling of pistons, 107, 108. 

engines. Classification of, 25-29, 274- 

287. 
Operations of starting up, 288, 289. 
Opposed piston engines. Description of, 

39-42. 
Overhaul of engines, 289. 
Overload capacity, 8. 
Junkers' system for obtaining, 57. 



Paraffin engines, 2. 
Penn thrust block bearings, 79. 
Periodic examination of engines, 289. 
Personnel in engine-room with Diesel 

engines, 14» 15. 
Petroleum, the World's production, 24, 25. 
Piping of engine, 256-262. 

marine engines, 272. 

Pistons, 102-115. 

Air-cooling of, 105. 

Care of, 292, 293. 

Cleaning, 111. 

clearances, 102. 

Cooling of, 95, 96. 

Crown, 102-106. 

liftuig gear, 255, 256. 

holes, 102. 

Lubrication of, 79, 114, 115. 

Oil-coolinff of, 107, 108. 

Position (H gudgeon pin in, 109. 

Removal of, for inspection, 111-114. 

rings, 102. 

stepped type, 107. 

trunk type, 101. 

Water-cooling of, 105, 106. 

withdrawal, 247. 

Plummer blocks, 79. 

Polar reversing and manoeuvring gear, 180- 
182. 

system of single-port scavenging, 36. 

Polarsinoid cam, 155. 
Port soavonging, 36, 37. 



Power, Maximum, 300. 
Pressure of compression, two-cyolc engines, 

38. 

Variation of. 99. 

— — in cylinders of semi-Diesel engines, 31. 

of fuel injection air, 132. 1.33, 297, 298. 

Mean effective, 66-73. 

of scavenging air, 245. 



Price of heavy fuel oil, 25. 
Prime movers, consideration of appli- 
cability, 1. ^ 
Principles of fuel injection pump, 194-198. 

reversal of two-cycle engines, 

168-172. 
Propellers, Reversible, 191-193. 
Pump for cooling water, 260-262. 

fuel injection, 194-222. 

Adjustment of, 298, 299. 

Scaventring, 37, 38, 243-246. 

Valves of, 245. 



Ratio, stroke to diameter, 66-73. 

Reavell, compressors, 228-230. 

Reciprocating masses. Balancing of, 94, 95. 

Regulation of compressor output, 226, 227. 

cooling water, 260-262. 

fuel, 194-222. 

Reliability of internal combustion engines, 
102. 

Removal of piston for inspection, 111-114. 

cylinder head valves for inspec- 
tion, 148. 

Reservoirs for heavy oil, 259, 260. 

compressed air, 238-243. 

Capacity of, 242, 243. 

Reversal of marine Diesel engines, 162-193. 

Principle of, for two - cycle engines, 

168-172. 

Reversible propellers, 191-193. 

two-cycle engines. Valve settings of, 

168-172. 

Reversing gear (Carels), 172, 173. 

derived from Marshall's valve 

gpar, 167, 168. 

(Fiat), 173-175. 

of four-cycle engines, 162-168. 

(Junkers^), 175, 176. 

(Kolomna), 164. 

(Korting), 176-178. 

(M.A.N.) four-cycle, 165, 166. 

two-cycle, 178-180. 

mechanical apart from the main 

engines, 188. 

(Nobel). 165. 

on engines, 162-188 

(Polar), 180-182 

: (Sulzer), early type, 182-184. 

main engines, M.V. " Monte 

Penedo," 184-186. 



(Tosi), 186-189. 

of two-cycle engines, 168-188. 
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Reversing gear (Werkspoor), 166, 167. 

systems apart from the main engines, 

188-193. 

Electric (Del Proposto), 188-190. 

HydrauUc, 190, 191. 

Revolution, Speed of, in relation to [cylinder 

diameter and stroke, 66-73. 
Rings, Piston, 102. 
Roller, valve clearance, 147, 1 55. ' 
Rules of Classification Societies, 274-287. 



SabatM type of fuel injection valve, 138, 

139. 
variable lift gear for fuel injection 

valve, 138, 139. 
Safety governors, 221, 222. 
Scavenging air pressure, 38, 245. 

by stepped pistons, 243, 244. 

efficiency, 53, 65. 

of two-cycle cylinders, 36-38. 

. engines, Theory of, 49. 

pumps, 37, 38, 243-246. 

Balance of, 95. 

Capacity of, 246, 246. 

Junkers' engine, 244, 246. 

valves, 245. 



valve in cylinder head, 128. 

levers, 147-149. 

Seating, marine engines, 273, 274. 
Semi-Diesel engines, four-cycle, Description 

of, 29, 31. 
two-cycle. Description of, 

31, 32. 
Setting diagrams for cylinder head valves, 
157-161. 

valves, 295-297. 

Single-port scavenging (Polar system), 36. 
Size of engine foundations, 262. 
Slippers, Oosshead, 111. 
Space saved by adoption of marine Diesel 

engines, 15-18. 
Spare gear, 279, 280, 286. 
Specification of bench trials, 299, 300. 
Springs for cylinder head valves, 128. 

valve. Strength of, 155, 156. 

Starting air valves, 128-130. 

actuating gear, 141-142. 

in cylinder head. Position 

of, 118. 
(lietzenmeyer type), 136, 

137. 



on compressed air, 241, 242. 
up. Operations of, 288, 289. 



Steam auxiliaries with oil-engined ships, 22. 

engines for marine work, 12. 

turbines, 1. 

Steel for crank-shafts, 92. 
Stepped pistons, 107. 

Engines with, 38. 

type of scavenging pump, 243, 

244. 



Strength of valve springs, 155, 166. 
Stresses on cylinder headrt, 124-126. 
Stroke, Calculation of, for various engines, 
with relation to the cylinder diameter 
and to the speed of revolution, 66-73. 
Submarine Diesel engines. General, 10. 
Suction gas plant, 3, 4. 
of four-cycle engines, Theory of, 47, 

48. 

piping, Diesel enguies, 257, 258. 

valve levers, 147-149. 

Sulzer, early type of reversing gear, 182- 

184. 
reversing gear of main engines, M.V. 

" Monte Penedo," 184-186. 

system of double-port scavenging, 37. 

type of fuel injection valve, 134, 135. 

valve -actuating gear for two-cycle 

engines, 145-147. 
variable lift device for fuel injection 

valve, 153. 
Survey of oil-engined shijM, 274-287. 



Table of conversion from metric to British 
measure, and vice ver$a, 302. 

Temperature of compression, influence on 
efficiency, 56. 

cooling water, 260-262. 

Tenders for Diesel engines, some considera- 
tions, 7-9. 

Theodor Zeize, reversible propeller, 193. 

Theoretical consideration of efficiencies of 
internal combustion engines, 53-65. 

Theory of thermo-dynamio cycles, 46-52. 

Thermal efficiency on brake and indicated 
basis, 53-63. 

Thermo-dynamic cycles, 46-52. 

Thickness of cylinder liners, 91. 

Three-stage compressors, 230. 

Thrust blocks, 78, 79. 

area of bearing sutfaoe, 98. 

Thrust due to obliquity of connecting-rod, 
108. 109. 

shafts, dimensions of collarB» 98. 

Timing of cylinder head valves, 296-297. 

Tosi reversing gear, 186-188. 

Trials on test bench, 290-301. 

Specification of, 299, 300. 

Trunk pistons, 101. 

Tuning-up trials, 290-301. 

Turbines, Steam, 1. 

Turning gear, 266, 269. 

Hand, 116. 

Twin-cylinder engines, Framing of, 86, 86. 

Two-cycle, Definition of, 26, 27. 

Diesel engines, Qeneml desoriptton of, 

34-42. 

explosion engines (semi-Diesel), General 

description of, 31, 32. 

reversing gean^ 168-188. 
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Unions for fuel and injection air, 133. 
Upkeep, coats, 8, 9. 

of enjy^ines, 289. 

Utilisation of heat in cooling water, 6. 



Valve actuating gears, 140-161. 

gear (Carels type), 145. 

(Sulzer system for two-cycle 

engines^ 145-147. 

shaft, 141. 

eccentric actuating gear, 140. 

levers, 147-160. 

roller clearance, 147, 165. 

setting diagrams, 157-161. 

settings of reversible two-cycle engines, 

168-172. 

springs, cylinder head, 128. 

Strength of, 155, 156. 

timing, 295-297. 

Valves, Compressor, 231. 

Disposition of, 227, 228. 



Cylinder head, 126-139. 



— in cylinder head. Removal of, for in 

spection, 148. 

determination of dia- 
meter, 128. 



Valves, Off -set, in cylinder head, 119. 

of scavenging pumps, 245. 

Starting air, 128-130. 

Vapourisation of fuels, 26. 
Variable lift gear for fuel injection valv<^, 
133. 

(Sabath6), 138, 139. 

(Sulzer), 153. 

Volumetric efficiency, 53, 63. 



Walls, cylinder. Cooling of, 67. 

Water consumed with suction gas producers, 

3,4. 

cooling of piston, 106, 106, 

Weight of marine Diesel engines, 20, 21. 
Weiho reversible propeller, 192. 
Werkspoor method of withdrawing piston, 

113. 

reversing gear, 166, 167. 

Winches, Cargo, 22, 263. 
Withdrawing pistons, Means of, 247. 



Zeize, Theodor, reversible propeller, 19H. 



MAR 1 6 1918 



BBLL AND BAIN, LIMITED, PRINTERS, OLASOOW. 



